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Abstract

Sediment quality was assessed in 1992 by the U.S. Fish and
Wildlife Service at six backwater sites along the Upper
Mississippi River. Five of the backwater sites were in Mark
Twain National Wildlife Refuge. The Sediment Quality Triad
approach was attempted to evaluate heavy metal and nutrient
contamination. The Sediment Quality Triad methods included
analytical chemistry, benthos assessment and toxicity testing
using the Microtox® system. Heavy metal concentrations were
within or slightly elevated above background limits. Nutrient
concentrations were slightly to very elevated. The reference site
for the study area was at Skunk Slough in Pool 19. Skunk
Slough had abundant infaunal macroinvertebrates with above
average heavy metal concentrations and low ammonia
concentrations. Keithsburg Division in Pool 18 was identified as
a backwater with contaminant problems. Keithsburg Division
had a poor assemblage of infaunal macroinvertebrates with
above average heavy metal concentrations and the highest
concentrations of ammonia for the study area. Ammonia toxicity
was the suspected cause of some mortality in sediment elutriate
toxicity tests completed at Keithsburg Division. The elutriate
toxicity tests were intended to validate the Microtox® tests. The
Microtox® test results were not used because they did not relate
to the benthos diversity and chemistry data. GIS analysis
indicated that the contaminant problems at the Keithsburg
Division backwater were not related to point source pollution
such as wastewater discharges into adjacent rivers. The results
from this project were used to initiate a multi-year study on non-
point source pollution at Keithsburg Division.
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Introduction

This document reports and interprets sediment quality
information for selected Upper Mississippi River backwater areas
in Mark Twain National Wildlife Refuge (MTNWR) (Figure 1). The
sediment quality information includes analytical chemistry,
benthic macroinvertebrate diversity and toxicity test results.
Point source and non-point source pollution data were cataloged
using Geographical Information System (GIS) methods to help
identify potential pathways for contaminants. The project was
conducted by biologists from the U.S. Fish and Wildlife Service's
Rock Island Field Office (Rock Island, IL) as part of the
contaminants program for the Service’s Division of Refuges and
Wildlife.

Background

In 1989, staff from the Rock Island Field Office surveyed
sediment chemistry along the lilinois River and Mississippi River
in lllinois, lowa and Missouri {Young 1991). The 1989 data
show that organic pollutants such as polychlorinated biphenyls
(PCB'’s), petroleum products, chiordane and similar pesticide
compounds were not detected at MTNWR units along the UMR
except for Keithsburg Division (Young 1991). Several
hydrocarbon compounds (polycyclic aromatic hydrocarbons -
PAHs) were detected at low concentrations at Keithsburg
Division {(Young 1991). The PAHs at Keithsburg Division are
believed to be those produced in natural systems by aquatic
plants.

The results of the 1989 study indicated some sites in MTNWR
had poor sediment quality conditions based on the mortality of
test organisms used in toxicity tests (Young 1991). In 1992,

several sites in MTNWR with suspected poor sediment quality
were re-evaluated in greater detail to more clearly identify the

ecological impacts from contaminants.
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Figure 1. Location of Mark Twain National Wildlife Refuge,
lllinois, lowa and Missouri.

Objectives

The objectives for the re-evaluation of sediment quality are listed
below.

1. Measure heavy metal and ammonia concentrations in
surficial sediments in selected backwater areas.

2. Examine the substrate for infaunal (substrate dwelling)
macroinvertebrate species that are indicators of good
sediment quality.

3.  Test the toxicity of the sediments with the Microtox®
system and validate the Microtox® tests with elutriate tests.

4, Initiate a GIS database with sediment quality and related
environmental information.



Study Sites

The refuge sites re-evaluated in 1992 were Batchtown Division
(Pool 25), Clarence Cannon Refuge (Pool 25), Gardner (Pool 21),
Keithsburg (Pool 18) and Big Timber (Pool 17) Divisions. A non-
refuge study site was established in Skunk Slough (Pool 19) to
serve as a reference sampling area. The locations of the study
sites are outlined in Figure 2 and related geographic information
is in Table 1. Study site maps with the positions of the sampling
locations are illustrated on site maps in Appendix A.

Skunk Slough was used as a reference sampling area because it
supported diverse populations of benthic macroinvertebrates
including pollution sensitive species such as burrowing mayflies
(Hexagenia species) and fingernail clams (family Spaeriidae). The
presence of abundant pollution sensitive organisms served as an
indication of good sediment quality for this study.

All of the study sites except Clarence Cannon Refuge are
forested backwater complexes with old sloughs, lakes and
wetlands. Clarence Cannon Refuge is a network of wetlands
within a green tree reservoir.

The study sites are directly adjacent to the Upper Mississippi
River on one side and upland cover on the other sides. Various
levels of protection from floods exist at the different study sites.
Some of the sites are hydraulically connected with the
Mississippi River via open water channels and others are
separated from the river by levees. Some of the sites receive
upland run-off and others are protected from run-off by upland
levees or forest zones. Refer to Table 2 for an outline of the land

features present at each study site.



Table 1. Location information for the study sites, Mark Twain
National Wildlife Refuge contaminants study, 1992.

Study Site Pool River Mile County State
Big Timber Division 17 443 Louisa lowa
Keithsburg Division 18 428 Mercer

Skunk Slough 19 396.4 Lee lowa
Gardner Division 20 332.6 Adams

Clarence Cannon Refuge 25 260.5 Pike Missouri

Batchtown Division 25 246 Calhoun Hinois

Table 2. Levee' and general land cover information for the study
sites, Mark Twain National Wildlife Refuge, 1992.

Study Site River Levee Upland Levee  Adjacent Land Cover
and Acres
Big Timber Division No Yes Agricuitural

(3,375 acres)

Keithsburg Division Yes No Agriculturat
(1,400 acres)

Skunk Slough No No Forest
(1,500 acres)

Gardner Division No No Forest
(6,000 acres)

Clarence Cannon Refuge Yes Yes Agricultural
(3,750 acres)

Batchtown Division
{2,250 acres) No No Agricultural

Backwater is not hydraulically connected to rivers and streams during normal stage
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Sampling Locations

We targeted locations in each study site where fine grain
sediments are likely deposited. These optimal sampling locations
were established at tributary inlets and non-vegetated basins
within each site. Several optimal sampling locations were
assessed at each study site depending on the size of the
backwater and accessibility.

This strategy should identify maximum sediment contaminant ,
concentrations for each site because inorganic contaminants are
associated to a greater degree with fine grain sediments. This is
because contaminants that are released into surface water
generally bind more readily to silt, clay and organic matter.
Waterborne contaminated sediments are transported as
suspended solids in rivers and streams and are deposited in slack
water areas where they settle out of the water column under low
flow conditions.




Methods

The Sediment Quality Triad approach (Long and Chapman 1985;
Chapman 1986) was attempted to identify sites with
contaminant problems and show if there were ecological impacts
from pollution. The Triad approach used three assessment
methods. The assessment methods included sediment
chemistry, evaluation of infaunal benthos diversity and sediment
toxicity testing. The relationships of the results from the
assessment methods were used to characterize ecological
impacts. Adverse impacts may include low benthos diversity,
mortality in toxicity tests and elevated chemical concentrations.

Sediment Quality

Sediments were collected with a standard Ekman dredge with a
pole handle. Two sediment grab samples at ten feet apart were
taken at each location. The dredge was inserted, closed and
raised for inspection. The contents were emptied into a stainless
steel bowl if the dredge was at least three quarters full. This
included between 13 and 19 centimeters of the sediment
column. If it was not a complete grab, another grab was
attempted approximately six feet in any direction from the last
attempt. The material was gently mixed with a stainless steel
spoon and portions were scooped into chemically clean
containers for analyses. The samples were chilled in a cooler
with blue ice or wet ice. The samples were mailed or
transported to the office for storage in a refrigerator or standard
chest freezer depending on the type of analyses to be performed.
The samples were forwarded to contract laboratories for
analysis according to the Chemical Data Acquisition Plan (Table
3). Both grab samples from each location were analyzed for
heavy metals and texture data. The first of the two grabs was
also analyzed for ammonia. Seventeen archived samples were
later analyzed for phosphates.



Table 3. Chemical data acquisition plan for the Mark Twain

National Wildlife Refuge contaminants study, 1992.

Analyte Analytical Quantitation
Method Limit
Arsenic Graphite furnace AA' 0.5 ug/g?
Cadmium Graphite furnace AA 0.2 ugly
Chromium Icp? 1.0 ug/g
Copper ICP 1.0 ug/g
Lead Graphite furnace AA 5.0 ualg
Mercury Cold vapor AA 0.1 uglg
Nickel ICP 5.0 ug/g
Selenium Graphite furnace AA 1.0 uglg
Zinc icP 5.0 ug/g
Total organic carbon Coulometrically
Grain size distribution Sieve weight
Ammonia-nitrogen Phenate Method 0.1 ug/g
Phosphate-phosphorus Automated Ascorbic Acid Method 0.1 ug/g

Atomic Absorption Spectroscopy

2 Micrograms per Gram

3 Inductively Coupled Plasma Emission Spectroscopy



Infaunal Macroinvertebrates

Sediment grab samples were collected as described above. Care
was taken not to dredge the same spot from which the sediment
chemistry samples were collected. The contents from the grab
were emptied into plastic bags and labeled for storage. In the
field, samples were maintained chilled in a cooler with blue ice or
wet ice. The samples were mailed or transported to the office
laboratory for storage in a standard chest freezer.

A notation was made on the field data sheet if burrowing
mayflies or fingernail clams were observed during field handling
(eg. stirring or spooning sediment into sample containers) of the
sediment samples. The organisms were easy to detect if they
were present above low numbers because of their size and
movement. The fingernail clams were not active directly after
collection, but were large enough by May for easy detection.
Mayflies were easy to detect because they constantly moved
about and fanned their tail and gill structures.

At least two frozen samples from each site were randomly
selected and processed for macroinvertebrates. The contents of
each plastic bag were completely emptied into a benthos bucket
(Wildco Company) with a mesh size of 0.595 millimeters. The
sediment was washed from the debris and organisms with tap
water through a garden hose. The material trapped by the sieve
was backwashed into a white enamel pan.

Fingernail clams with articulated valves, burrowing mayfly
nymphs and other recognizable taxonomic groups present in the
material were enumerated and the sample discarded.



Toxicity Testing

Sediment grab samples were collected as described above. Care
was taken not to dredge the same spots from the sediment
chemistry and macroinvertebrate samples were collected. The
samples were maintained in a cooler with blue ice or wet ice.
The samples were forwarded to the office laboratory for storage
in a standard chest freezer for Microtox" testing and in a
refrigerator for the sediment elutriate toxicity test.

The Microtox® solid phase sediment assay test was performed on
sediments from all of the sites to rank the relative toxicity
between the sites. Elutriate toxicity tests were performed on
sediments from one site (Keithsburg Division) to help interpret
the results of the Microtox’ test.

Microtox” Test

Microtox” assays were performed in duplicate on at least two
samples randomly selected from each site. The assays were
completed at the Rock Island Field Office laboratory. The
Microbics version 6.3 detailed solid-phase test was used
(Microbics, 1989 et. seq.). Room temperature, color and
turbidity were monitored.

Sediment Elutriate Test

The University of lowa Hygienic Laboratory performed the
elutriate toxicity tests. Sediments from Keithsburg Division were
tested because metal and ammonia concentrations were elevated
for the study area. The toxicity tests were duplicate 96- hour
static acute bioassays. A 200 milliliter volume of sediment was
thoroughly mixed with purified laboratory water at a ratio of 1:4.
The elutriate was allowed to settle for about 60 hours before the
introduction of larval fathead minnows (Pimephales promelas).

10



The bioassay water was aerated and the fish were fed brine
shrimp on days three and five. The bioassay water was
monitored for temperature, pH, dissolved oxygen, ammonia. Un-
ionized ammonia concentrations were calculated for each
bioassay vessel.

Water Quality

Selected water quality measurements were taken at
approximately 0.3 meters (one foot) below the surface and
approximately 0.3 meters above the substrate if greater than
three meters deep. Table 4 lists the water quality parameters
and instruments used.

Table 4. Water quality parameters and instruments used for the
Mark Twain National Wildlife Refuge contaminants study, 1992.

Parameter Instrument Units Instrument Precision
Depth meters Marked pole

Temperature degrees celsius YS!| Meter Model 51

Dissolved oxygen milligrams/liter YS! Meter Model 51B 25% of scale
Conductivity uS/centimeter YSi Meter Model 33 2% of scale

Data Analyses
Statistical Analysis

Descriptive statistics of the contaminants data were calculated
using Excel version 4.0 (Microsoft Corporation). Descriptive
statistics included arithmetic mean, standard deviation, minimum
and maximum values. Correlation coefficients (r) for the
chemistry and texture data were calculated using Excel.

11



The results of the Microtox® assays were analyzed using
Microtox® software version 6.3 (Microbics Corporation) to
determine the ECy, which is the concentration at which effective
response by the bacteria was reduced by 50%.

GIS Analysis

The spatial relationships of the contaminants and environmental
data were analyzed using Environmental Planning and
Programming Language version 7.0 (EPPL7) (State of Minnesota,
Land Management Information Center, St. Paul, MN).

The environmental data included land cover, hydrography and
industrial wastewater discharge points for MTNWR. The land
cover was available from UMR floodplain satellite imagery
attributed by the National Biological Survey’s Environmental
Management Technical Center (Onalaska, WI). The wastewater
discharge locations were gathered from state inventories of
National Point Discharge Elimination System permits (NPDES).

Quality Assurance and Quality Control

Field data sheets were completed at the time of sampling and
included information on water quality, aquatic plant growth,
substrate condition, date, time, weather and collector’s name.

The position of the sampling locations were plotted on detailed
refuge maps. The points were later entered on the GIS base map
and Universal Transverse Mecator coordinates (UTM) were
obtained for the sampling locations.

The instrument probes and collection gear were thoroughly

rinsed with river water, then acetone (if appropriate for the gear)
and de-ionized water between uses.

12



The dissolved oxygen meter was calibrated by the air calibration
technique. The precision of the field equipment are listed in
Table 4.

The contract analytical laboratories conducted quality assurance
and quality control tests with six randomly selected samples and
reference media. The tests included procedural blank samples,
replicate tests, testing reference materials and spike recovery
analysis.

Control and reference toxicant bioassays were conducted with
the elutriate toxicity tests.

13



Results

Sediment Quality
Sediment Texture

The dominant grain sizes at the sampling stations were silt and
clay. Sediment total organic carbon content concentrations
(TOC) were less than five percent with Keithsburg Division
samples in the high part of this range. Average texture data for
the study sites are outlined in Table 5.

One sampling location out of the total of 85 had a high
percentage of sand (88 percent). This location was in a small
bay of Big Timber Division adjacent to upland sandy soils. The
contaminant data from this location was excluded from
descriptive and correlation analyses because inorganic pollution
is generally not associated with substrates of quartz sand
(Brannon et a/ 1976). The texture data from each sampling
station are listed on copies of the original spreadsheets in
Appendix B.

Table 5. Average sediment texture data for study sites, Mark
Twain National Wildlife Refuge, 1992.

Study Site % Organic %Clay %Silt %Sand
Skunk Slough 2.4 45.85 49.07

Big Timber Division 1.895 33.61 51.69

Keithsburg Division 3.54 36.09 52.13 11.79
Gardner Division 1.36 17.68 59.18 23.14
Clarence Cannon Refuge 2,52 47.31 45.72

Batchtown Division 1.93 39.15 53.05 7.38

14



Sediment Chemistry - Metals

The average sediment concentrations of arsenic and heavy
metals for the study area are listed in Table 6. Selenium and
mercury were not detected. The mean metal concentrations for
the study area except for zinc were within background
concentrations for soils and aquatic sediments in Illinois (Table
7). Zinc was 1.5 times greater than average background
concentrations for soil and 1.7 times greater for aquatic
sediments in lllinois. The correlation of arsenic and heavy metals
with grain size distribution and TOC content are provided in
Table 8. The best associations were copper with percent clay
(r=0.77) and cadmium with TOC (r=0.63). The average
concentrations of arsenic and heavy metals varied slightly
between the sampling sites with concentrations exceeding
background at some sampling locations (Table 9). The chemistry
data from each sampling station are listed in Appendix B.

Table 6. Mean, minimum and maximum arsenic and heavy metal
concentrations in sediments (micrograms per gram, dry weight,
n=383) for the study area, Mark Twain National Wildlife Refuge,
1992.

Analyte Mean (n=83) Standard Deviation Minimum Maximum
Arsenic 5.32 1.61 0.6 8.18
Cadmium 0.45 0.17 ND' 0.77
Chromium 18.63 9.02 3.89 50.562
Copper 21.05 6.01 7.70 34.65
Nickel 21.36 8.1% ND 44.30
Lead 21.19 7.07 7.82 51.92
Zinc 83.62 29.36 16.00 145.6

ND = not detected above quantitation limit for this analyte
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Table 7. Average arsenic and heavy metal concentrations in
sediments (micrograms per gram, dry weight) for the study area
with comparison data, Mark Twain National Wildlife Refuge,
1992.

Analyte Study Area Soils Background Sediments
Mean Max MN' U.8.2 Great Lakes®  IL Streams*

Arsenic 532 8.18 - <3 <8
Cadmium 045 0.77 0.3 <0.5
Chromium 18.53 50.52 43 53 <26 <16
Copper 21.05 3465 26 25 <25 <38
Nickel 21.36 4430 21 20 <20

Lead 21.19 51.92 <25 20 <40 <28

Zinc 83.62 145.6 54 64 <90 <80

Average Minnesota soil profiles (n=24) (Baily and Rada 1984)

Average elemental concentrations in surficial materials (Schacklette et a/ 1971)
Average concentrations for non-polluted harbor sediments in the Great Lakes
(n=260, USEPA 1977).

Non-elevated stream sediments in lllinois (n=79, IEPA 1984).

Table 8. Correlation’ of arsenic and heavy metals with total
organic carbon content and percent clay for the study area, Mark
Twain National Wildlife Refuge, 1992.

As? Cd Cr Cu Ni Pb Zn
%TOC? 0.20 0.63 0.16 0.47 0.18 0.26 0.29
%Clay 0.33 0.63 0.28 0.77 0.47 0.50 0.8

The correlation coefficient (r} is a measure of the closeness of the relationship
between two variables, r=1 indicates a perfect relationship

Arsenic, cadmium, chromium, copper, nickel, lead and zinc, respectively
Percent total organic carbon content
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Table 9. Average sediment arsenic and heavy metal
concentrations (micrograms per gram, dry weight) for the study
sites, Mark Twain National Wildlife Refuge, 1992.

Study Site 7 As' cd Cr Cu Ni Pb Zn
Skunk Stough (n=6) 6.60 0.43 17.12 28,94 21.28 30.30 92.73
Big Timber Division (n= 16} 5.39 042 21.58 21561 25.05 26.45 108.11
Keithsburg Division (n=14) 6.100 0.57 20.66 22.52 21.07 21.61 89.53
Gardner Division (n=8) 435 0.38 10.68 11.45 9.87 11.76 45.92

Clarence Cannon Refuge (n=15) 3.71 0.35 13.05 20.09 17.21 17.87 66.10

Batchtown Division (n=24) 583 0.49 2167 21.7% 26.52 20.39 85.08

Arsenic, cadmium, chromium, copper, nickel, lead and zinc, respectively

Sediment Chemistry - Nutrients

The average concentrations of sediment nutrients from the study
sites are listed in Table 10. Sediment ammonia concentrations
were slightly to very elevated as compared to background
sediment chemistry data (Table 10). Keithsburg Division had the
highest concentrations in the study area of sediment ammonia
and phosphates (average total ammonia-nitrogen=231.43
micrograms/gram; phosphate = 2000.0 micrograms/gram).
Ammonia concentrations had good correlation with TOC
(r=0.75). The chemistry data from each sampling station are
listed in Appendix B.

One sampling station at the south end of Keithsburg Division had
a bulk sediment ammonia concentration of 1400 micrograms per
gram, dry weight. The results from this sampling station were
excluded from the calculations for the descriptive and graphical
statistics because it was so much higher than the ammonia data
from the other seven sampling stations at Keithsburg Division.

17



Table 10. Average sediment ammonia and phosphate
concentrations (micrograms per gram, dry weight) for the study
area with comparison data, Mark Twain National Wildlife Refuge,

1992.

Sampling location Ammonia-nitrogen Phosphate
Skunk Slough 81.66 (n=3) 11000 (n=1)
Big Timber Division 103.00 (n=7) 795.0 (n=4)
Keithsburg Division 231.43(n=7) 2000.0 (n=2)
Gardner Division samples lost samples lost
Clarence Cannon Refuge 102.40 (n=5) 742.5 (n=4)
Batchtown Division 83.30 (n=6) 846.7 (n=6)
Non-polluted' 75.00 (n=260) 1369.0 (n=260)

The means were used to classify non-polluted aquatic sediments from Great Lakes
harbors between 1974 and 1975 (USEPA 1877).

Infaunal Macroinvertebrates

Midge larvae (families Chironomidae and Heleidae) and aquatic
worms (class Oligochaeta) were observed throughout most of the
study area.

In addition to midges and aquatic worms, abundant burrowing
mayfly nymphs together with fingernail clams were collected at
the reference site (Skunk Slough) and abundant burrowing
mayflies were collected at Gardner Division. Infaunal
macroinvertebrates were poorly represented in the sediment
samples from Keithsburg Division.

The number and types of organisms collected at the study sites

are outlined in Table 11. The macroinvertebrate data from each
sampling station are listed in Appendix C.
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Table 11. Average number and the taxa of infaunal
macroinvertebrates per grab sample for locations at the study
sites at Mark Twain National Wildlife Refuge, 1992.

Study Site Midge larvae Fingernail Clams  Burrowing Mayflies
Chironomidae Spaeriidae Hexagenia

Skunk Slough (n=4) 2.25 3.25 3.5

Big Yimber Division (n= 10} 37 f:) 0.1

Keithsburg Division (n=5) 0.2 ] 0

Gardner Division {(n=2) 8.5 0.5 3

Batchtown Division {n =3} 8.7 0.3 ]

Toxicity Testing
Microtox’ Test

The average effective concentrations (EC,s) for the study sites
are listed in Table 12. The EC;, value is the concentration at
which 50 percent of the organisms exhibited a response for each
of the Microtox® assays. The lower EC,, values are considered
to represent a more contaminated media, for it takes less
material for a response. There was a good correlation with test
results and sand grain size (r=0.97).

The results suggest that the sediments from some of the
sampling locations produced a response by the test organisms
and the relative magnitude of the response as measured with this
organism varied greatly. Mean EC,, value from Skunk Slough
was measured as the most potent compared to the other study
sites. Copies of the Microtox® program printouts are in

Appendix D.
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Table 12. Average Microtox® effective concentrations (EC,),
micrograms per gram) for the study sites at Mark Twain National
Wildlife Refuge, 1992.

Study Site Mean EC,, sD Minimum Maximum
Skunk Slough 664.84 (n=4) 213.28 334.85 2659.3
Big Timber Division 3128.72(n=4) 2359.88 1417.03 6581.97
Keithsburg Division 1454.83 (n=4) 358.33 1011.78 1881.13
Gardner Division 6574.05 (n=4) 8593.05 544.98 16,236.97
Clarence Cannon Refuge 2267.16 (n=7) 975.58 842.85 3441.76
Batchtown Division 1228.42 (n=8) 1234.82 343.2 3788.81

Sediment Elutriate Test

There was zero percent mortality in July and up to 20 percent in
September of the larval fish used in the elutriate tests at
Keithsburg Division (Table 13). Bioassay water quality in the test
vessels were normal except for un-ionized ammonia (see data in
Table 13). The concentrations of un-ionized ammonia in four out
of the six tests at the 48 hour time exceeded lethal
concentrations for fathead minnows (0.70 milligrams per liter-
mg/L, 48 hours LC,,) (USEPA 1985). Copies of the laboratory
results for each test are in Appendix E.

Table 13. Results for the sediment elutriate toxicity tests for the
study area, Mark Twain National Wildlife Refuge, 1992.

Test Mortality’ Un-ionized Ammonia (milligrams per liter)
Sample Control Initial 48 Hours 96 Hours
7-14-92 A 0/20 0/20 0.12 043 0.16
7-14-928B 0/20 1/20 Q.12 040 0.20
9-17-92 A 4/20 0/20 0.18 0.92 0.34
9-17-928B 1/20 0/20. 0.19 1.2 0.34
9-17-92C 4/20 0/20 0.27 1.0 0.33
9-17-92D 4/20 0/20 0.22 1.0 0.35

' Mortality = number dead / number tested
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Water Quality

Water quality parameters measured for this project were similar
throughout the study area except for dissolved oxygen (DO).
Dissolved oxygen was good during most sampling trips except
for later trips to Keithsburg Division. Dissolved oxygen levels
were low at some locations during July and September at
Keithsburg Division. The ranges for the water quality data are
summarized in Table 14. The water quality data from each of
the sampling locations are listed in Appendix F.

Table 14. The ranges of water quality data for the study sites at
Mark Twain National Wildlife Refuge, 1992.

Study Site Month  Depth Temperature Conductivity Dissolved Oxygen
{Meters) {Celsius) {(&S/cm) {Milligrams/liter)
Top Bottom
Skunk Slough Jun 1.0-2.5 26.0-27.0 440-470 6.2-10.0
Big Timber Division May/Jun 0.5-5.5 23.0-25.0 310-400 7.5-14.0 6.8-6.2
Keithsburg Division May 2.75-56.5 20.2-22.5 310-340 5.2-15.0 3.4-12.0
Jul 3.0-4.0 25.5-26.0 280-315 4.14.4 0.5-3.6
Sep 2.5 19.0-20.0 350-470 2.0-5.7 0.6-4.0
Gardner Division May 1.5-1.76 19.5-20.5 310-455 8.1-9.2
Clarence Cannon Refuge May 0-11.0 17.0-18.0 190-430 7.5-12.0
Batchtown Division May 1.6-4.6 20.5-23.0 285-3356 5.4-15.0 11-16.0

Quality Assurance and Quality Control

Quality assurance performance results for the sediment analyses
conducted by U.S. Fish and Wildlife Service contract laboratories
were accepted by the Service’s quality control office at the
Patuxant Analytical Control Facility (PACF). There were slight
differences in the replicate test results. The results of the
internal laboratory replicate, spike and procedural blank analyses
are provided in Appendix G. The contract laboratories’ analytical
results and original field data sheets are held at the Rock Island
Field Office.
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Discussion

Sediment Quality
Metals

Mean concentrations of arsenic and heavy metal contaminants
were not at levels of concern. Skunk Slough was a site with
above average heavy metal concentrations for the study area and
both pollution sensitive species of infaunal macroinvertebrates
were present in abundance. Skunk Slough was also the site
demonstrating an effective response with the Microtox® toxicity
test. This relationship provides evidence that these
concentrations of arsenic and heavy metals may not be limiting
benthic macroinvertebrate production in Refuge backwaters and
that the Microtox” results are inconclusive.

Nutrients

Sediment ammonia concentrations between the low and high
ends of the range for the study area may be limiting aquatic life
in MTNWR backwaters. Ammonia concentrations in Skunk
Slough were near the low end of the range for the study area
and that backwater supported abundant pollution-sensitive
macroinvertebrates. Sediment ammonia concentrations at
Keithsburg Division were at the high end of the range for the
study area and infaunal macroinvertebrates were poorly
represented there. Sediment ammonia concentrations at
Keithsburg Division reached toxic levels for fish as indicated by
the elutriate toxicity tests.

Ammonia that is found in the substrate is mostly bound to
surrounding fine grain particles in the form of ammonium (NH,*).
A portion of the ammonia is in solution as un-ionized ammonia
(NH;). The un-ionized ammonia accumulates within the sediment
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pore water and is released at the substrate-water interface. Un-
ionized ammonia is toxic to aquatic organisms at very low
concentrations (USEPA 1986). Un-ionized ammonia is generally
less toxic to invertebrates {lethal concentration for midge larvae,
Chironomus sp., is LCgo=6.6 mg/L for 96 hours] as compared to
fish (lethal concentration for bluegill, Lepomis sp., is LCgo=1.75
mg/L for 96 hours] (USEPA 1976 and 1985). The fraction of un-
ionized ammonia is calculated using temperature and pH.

Phosphates in sediments are not typically toxic to aquatic
animals (USEPA 1986). The significance of high phosphates is
the effect of causing nuisance aquatic plant blooms and the
resulting build-up of organic matter (USEPA 1986). Aquatic
plant blooms can limit dissolved oxygen from excessive plant
respiration relative to oxygen production through photosynthesis
and by the microbial decay of dead plant tissue.

Potential Sources - Nutrients

Keithsburg Division had higher sediment nutrient concentrations
and higher organic content compared to the other study sites in
MTNWR (Table 10). There are likely three sources for nutrients
at Keithsburg Division. The first source is ammonia produced in
lake sediments from decaying organic matter. Agricultural
fertilizer run-off is an important source for nitrogen and
phosphorus compounds. The third source is from municipal and
industrial wastewater point discharges.

Organic matter that is deposited in the substrate of aquatic and
wetland systems is decomposed by bacteria which produce
ammonia as a by-product. The ammonia is converted first to
nitrites then to nitrates by bacteria (Rand and Petrocelli 1985).
The amount of ammonia production depends on the volume and
quality of the organic matter and overlying water quality
conditions (Rand and Petrocelli 1985). The conversion to nitrate
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can consume significant amounts of dissolved oxygen from the
water column, especially during the winter after a season of
ammonia production (Knowles and Lean 1987).

Potential Pathways - Nutrients

Analysis of the spatial data for Keithsburg Division demonstrated
the use of GIS for contaminants investigations and helped
identify contaminant pathways. Figure 3 is GIS map product to
display the land cover around Keithsburg Division. Overlay data
for the spatial analysis included wastewater discharge points and
tributary rivers and streams.

There was only one wastewater discharge point near Keithsburg
Division. It is the discharge into the Mississippi River for the
municipal sewage treatment plant for New Boston, IL. This
source is separated from the Keithsburg Division backwater by
the river levee. Surface water from the Mississippi River enters
the backwater only during flood stages. The 1993 flood on the
Mississippi River overtopped the river levee for much of the
summer and created a scour route to Pope Creek from
Keithsburg Division. Solids and contaminants transported in the
flood water may have changed sediment quality at Keithsburg
Division.

There are no upland levees at Keithsburg Division. The upland
cover adjoining Keithsburg Division is agricultural. Surface run-
off from adjacent agricultural fields may carry contaminants to
the site. The primary sources of surface water for Keithsburg
Division are the Edwards River to the north, small un-named
tributaries at the north boundary and Pope Creek to the south.
The Edwards River and Pope Creek are slightly to moderately
impaired from suspended solids, nutrients and habitat
modifications (IEPA 1994). Inputs from the Edwards River and
Pope Creek may lead to poor water quality at Keithsburg.

24




Infaunal Macroinvertebrates

In-lake production of ammonia from organic enrichment likely
limits benthic communities at Keithsburg Division backwaters.
Infaunal macroinvertebrates were sparse at Keithsburg Division in
May of 1992. Poor sediment quality and eutrophication were
evidenced at Keithsburg Division by the abundant aquatic plant
growth, low dissolved oxygen, high organic content and
sediment ammonia toxicity.

Ammonia toxicity has been blamed for the decline of fingernail
clams in the lllinois River and the Mississippi River. Highly
eutrophic backwater lakes should shift from having diverse
macroinvertebrate populations to populations of only a few
pollution-tolerant organisms. Sustaining macroinvertebrate
production in Mississippi River backwaters is important because
they represent critically important food items for migratory birds
and fish. Fingernail clams may be locally important to waterfowl.

The absence of fingernail clams and burrowing mayflies in
backwater sites may be explained by reasons other than
sediment pollution. Macroinvertebrate communities may have a
random distribution and their absence does not necessarily
indicate poor quality habitat. Backwaters with high sediment
organic content may be unsuitable for burrowing mayfly nymphs
However, fingernail clams are typically found in shallow, rich
backwaters along the Upper Mississippi River.

s 2wy
T XA
TSy

[/;6 ‘gw@

#'{': %—i{ ﬂ\l’-iﬂ | 8 Qfﬁ
/. = \-. 5 “ J‘//; >
f »
! il
\ "}\
Mayfly nymph Fingernail clam “"4‘*;, .. Chironomid Oligochaete
Figure 3. Infaunal macroinvertebrate illustrations. ‘*‘;;‘-
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Toxicity Testing
Microtox® Test

The Microtox® assay was used to test for toxicity of backwater
sediments. This system is relatively new, inexpensive to run and
easy to use. The Microtox’ system measures luminescence of
the marine bacterium Photobacterium phosphoreum. Inhibition of
this luminescence is considered a toxic response. Results of the
Microtox® assay compare to other standard freshwater toxicity
tests using fish and cladocerans (Kaiser and Palabrica 1991).
Natural toxins like sulfur in aquatic sediments are also lethal to
this species‘ of bacteria (Jacobs et a/ 1992). P. phosphorem are
not sensitive to ammonia (Ankley et a/ 1990). The heavy metals
and free sulfur from sulfide compounds commonly found in the
deeper and anoxic part of the sediment column may have
contributed to the effect measured using P. phosphoreum for this
study.

The results also demonstrated that fine grain sediments caused a
greater response than coarse grain sediments. Coarse grain
sediments like sand and large silt sizes do not have the same
capacity to bind contaminants and generally do not hold high
concentrations of inorganic pollutants (USEPA 1976). Fine grain
sediments increased the turbidity of the sample and may have
affected the measurement of the light output.

The Microtox® test did not compare well to the sediment elutriate
test because of the presence of ammonia. The Microtox®
organism is not sensitive to ammonia and fish species are very
sensitive to ammonia. Overall, the Microtox® test did not
adequately analyze the toxicity of backwater sediments because
of the role of ammonia toxicity and turbidity interferences.
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Sediment Elutriate Test

Ammonia concentrations were high in the bioassay water for the
elutriate toxicity tests at Keithsburg Division. Sediment bound
ammonia is easily released in the water column when mixed
(Brannon et a/ 1978). Heavy metals bound to sediments tend
not to be released at full concentrations into the water column
under neutral and toxic conditions when mixed

(Brannon et a/ 1978).

Sediment Quality Triad

The data from the Microtox® tests may not be used for the
Sediment Quality Triad analysis because the Triad is an effects-
based approach incorporating measures of chemistry, benthos
diversity and toxicity (Chapman et a/ 1992). The Triad analysis
depends on satisfactory toxicity test resuits to rank degradation
between study sites (Chapman et a/ 1991).

The elutriate toxicity tests for Keithsburg Division were intended
to validate the Microtox® tests. The elutriate tests were used
with benthos data in the Triad approach for this site. There was
evidence that the toxicity test results were related to ammonia
contamination. This may explain the poor benthos diversity
observed at Keithsburg Division.

Water Quality

Water quality was measured only during sediment sampling trips
to provide information to help interpret of the sediment chemistry
data. The levels of dissolved oxygen at Keithsburg Division were
at times below criteria intended to protect native fish
communities (criteria=5 mg DO/L).
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Dissolved oxygen levels may vary greatly during the day and
throughout the season.in backwater lakes with high primary
production (Owens and Crumpton 1993). Refer to Figure 5 for
an illustration of dissolved oxygen cycles in a productive
backwater lake of the Upper Mississippi River. The lowest
oxygen levels typically occur near daybreak due to overnight
respiration of phytoplankton and other aquatic plants.
Supersaturated oxygen conditions typically occur in the
afternoon as a result of photosynthesis.

The importance of the low dissolved oxygen observations is that
it supports the expected affects of oxygen demand by high plant
respiration and organic matter decay related to nutrient
enrichment found at Keithsburg Division.
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Figure 5. Example of dissolved oxygen levels (DO in parts per
million) at a productive backwater lake along the Upper
Mississippi River (taken from Owens and Crumpton 1993).
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Conclusions

Prior to the greater than one hundred year flood in 1993,
MTNWR backwater sites along the UMR were not grossly
polluted with organic pollutants and heavy metals (Young 1991
and this study).

Skunk Slough in Pool 19 was used as a reference site for this
study because it supported abundant pollution-sensitive
macroinvertebrate species. Skunk Slough had above average
concentrations of sediment heavy metals and low sediment
ammonia concentrations for the study area.

In contrast to Skunk Slough, ammonia toxicity, nutrient and
organic enrichment were found in the backwater habitats of
Keithsburg Division. Keithsburg Division also had above average
sediment heavy metal concentrations. This site had the highest
ammonia concentrations in the study area. There was some
mortality in the elutriate toxicity tests conducted later in the
season and infaunal macroinvertebrates were poorly represented
at Keithsburg Division. GIS analysis indicated that the sources
and pathways for contaminants at Keithsburg Division were
related to non-point source pollution versus point source
pollution.

The methods used for the Sediment Quality Triad approach
provided worthwhile data to help describe contaminant-related
problems at Keithsburg Division. However, the Microtox® toxicity
tests from throughout the study area were inconclusive. The
Microtox’ test results were not used with the chemistry and
benthos data to help describe sediment quality at the other study
sites according the Sediment Quality Triad approach. We found
that the Microtox® test results did not relate to benthos diversity
and sediment toxicity because of the role of ammonia and
turbidity in the test samples.
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Recommendations

Management Recommendation

We recommend that the Division of Environmental Contaminants
and Division of Refuges formulate strategies to help manage non-
point source pollution in backwater habitats of MTNWR. Non-
point source pollution includes increased sedimentation and
nutrient loading. Nutrient enrichment promotes ammonia
production and leads to cultural eutrophication. There are many
nutrient management strategies available to reduce the effects
from non-point source pollution. These strategies may be
grouped into two categories and include on-refuge and off-refuge
activities.

On-refuge strategies include diversion of inputs and management
of refuge sections as chemical treatment wetlands. Treatment
wetland technology is used for nutrient management at municipal
sewage treatment plants. Treatment wetlands can assimilate
some nutrients and trap solids.

Off-refuge strategies include increasing riparian buffer zones,
reducing run-off potential and instituting integrated pest
management programs in the watershed.

Many of these strategies may be incorporated into habitat
restoration projects by the Environmental Management Program
and Farm Bill programs.

No one pollution management method will remove all types of
nutrients and filter chemicals continuously. Integrating strategies
specific to each site will help protect migratory birds and fish
resources. These strategies should improve water quality,
generate diverse aquatic macrophyte communities and optimize
production of forage resources.
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Research Recommendations

1 Catalog the sediment quality data into the GIS database for
MTNWR. The sediment quality database currently under
construction by the National Biological Survey for the UMR
may be another appropriate repository for these data.

The 1989 and 1992 studies at MTNWR provide baseline
data for management purposes and pre-spill conditions for
a large U.S. Fish and Wildlife Service refuge. These data
are needed for natural areas located along transportation
routes for hazardous materials. The transportation routes
in MTNWR include barge traffic on the UMR, gas pipelines
at Keithsburg Division and various road and railroad bridges
over tributaries leading to MTNWR units. The baseline
data are available for natural resource damage assessments

in the event of a spill.

2. Repeat biomonitoring at MTNWR every five years to
evaluate long-term trends in pollution.

The Sediment Quality Triad with modifications is the
recommended approach to assess trends in pollution.
Many different types of contaminants are deposited in the
substrate and sediment quality data provided a status
report on contamination to individual backwater systems.
Using the Triad approach provided useful ecological data
for resource managers. The biomonitoring data are also
needed by three other programs under development by the
U.S Fish and Wildlife Service. The programs include long-
term biomonitoring of refuges (Biomonitoring Environmental
Status and Trends - BEST), the migratory bird strategy for
the Upper Mississippi River and ecosystem management
plans for the Upper Mississippi River.
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The modifications to the Sediment Quality Triad approach
include changing to ammonia sensitive toxicity tests (see
Dillon and Ross 1990) and designing statistically defensible
methods.

Identify non-point source poliution problems for MTNWR
and develop management strategies.

We used the nutrient pollution data and GIS results from
this project as an indication of risk from agricultural
chemical pollution such as herbicides and insecticides. A
risk assessment funded by the Divisions of Refuges and
Ecological Services was initiated at Keithsburg Division in
1993 and continues in 1995. The risk assessment will
evaluate all of the pathways to the site and provide
specific management alternatives to reduce the adverse
effects from non-point source pollution.
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Contaminant and Texture Data Records



Appendix B. Contaminant concentrations (micrograms per gram, dry weight) and texture data for the sampling
sampling locations st Mark Twain National Widlife Refuge, 1992.

SITE Arterance No._ Zn [ ~ Co o cd As___TOC___POs NHIN_ % CLAY % SAT % SAND
Skunk Siough 1. 88.60 5192 2080 2608 1881 038 584 213 110000 §5.00 6062 4454 484
2 116.90 3048 2820 3468 2184 040 748 273 7000 47.59 4295 9.46
% 480 2079 1980 2588 1471 041 638 203 80.00 4001 $6.43 356
" 9620 2512 2110 3038 1684 043 656  2.65 S0.00 4483 437
» 9230 3200 2170 3146 1630 045 739 279 4887 4551 492
» 7800 2074 1800 2520 1413 040 600 200 3861 €018 3
g Timber Oivision “ 9860 2344 1930 1786 1328 037 418 218 17000 37.38 §8.02 360
6 10700 2643 2540 2100 1724 048 640 239 78000 9000 3801 9.0 2.90
6 33.20 4648 1740 631 675 000 306 017 739 400 8801
7a 10620 3532 2610 2240 2256 045 687 179 2000 2451 4288 3261
& 5650 1562 1620 1234 940 027 448 174 68000 1746 3816 4438
% 12740 3538 3080 2464 2540 046 673 183 €200 3568 8615 818
100 11270 2346 2480 2336 1848 048 698 217 100000 89.00 3262 8667 N7
1 11670 3107 2610 2074 2134 048 673 186  860.00 14000 3608 $385 9.49
12 12400 3028 2660 262¢ 2396 081 633 1.8 12000 4264 5244 602
“ 9400 2782 2120 1847 1608 O 440 218 3652 §8.48 502
s 14020 2779 3480 2783 2978 0 673 143 3714 $8.96 2.9
® 3120 000 1390 582 783 000 104 048 $63 180  90.37
n 2010 2066 2490 2081 SO62 044 080 184 2291 a2 M7
” 6440 17.17 1650 1488 1102 029 429 208 2037 3939 40.24
s 13260 2917 3140 2680 2600 047 680 228 2061 6075 884
0 12400 3308 2870 2310 2238 047 &% 230 @es a8 1288
1y 10900 2348 2320 2121 1640 048 546 1.7 4298 0289 4D
120 12640 2423 2690 2588 2267 O4¢ 613 187 40.72 5048 .00
Kaithsturg Division 122 10280 28.33 2460 2244 2123 048 644 3290 20000 2862 §6.08 18.32
148 12280 2643 2600 2083 2167 068 608 10 21000 3887 47.63 1350
16s 7620 1708 2080 2084 2427 068 664 378 210000 290.00 3862 6733 7.8
160 7970 1960 1680 2223 1783 064 130 392 32000 45.32 46.30 8.8
178 9600 1800 1970 2018 2002 057 396 288 150000 19000 31.85 €196 620
18 7460 2331 1570 2208 1290 058 622 38 21000 39.78 4978 1044
1% 6740 2048 1610 2070 1336 080 5853 3.9 20000 3285 8095 1640
1 9900 2602 2200 2163 1938 045 578 2.8 2642 6421 988
1 12810 2561 3540 2618 M2 0% &7 17 3730 4042 118
1 7180 1928 1610 2181 1574 061 868 &3} 3730 828 742
80 10200 2130 2630 2600 3132 067 1.3 400 6568 3829 .06
176 9950 2060 2190 2380 2230 080 635 138 2803 €08 &M
1w 787 2238 1700 2372 1462 087 583 3.00 008 6126 068
1% 0040 1832 1630 1674 1668 043 657 400 2892 382 1M
Gardner Division 208 1800 928 000 1034 36 030 29 158 1217 §7.28  30.68
21a 3450 938 230 5% 43 030 328 160 1301 3670 3029
220 $0.70 1129 1070 1164 1008 037 282 1§65 1881 7100 1158
2% 6670 1870 1670 1810 1426 088 610 132 1100.00 3338 5001  16.61
200 2080 782 660 279 1297 028 278 1.2 968 4074 4088
21 $500 1010, 1210 1198 11.82 03 381 1.0 1489  sese 2842
2% 5640 1318 1130 1277 1064 041 4 107 1909 7274 807
2» 5630 1434 1430 1180 1780 080 576 162 2288 6544 2190
Clarence Cannon Refuge 2 €350 23853 2590 2143 2326 049 31M 282 80000 §203 3867 720
250 §700 1748 1680 2131 854 040 288 388 19000 §5.82 3638 7.80
26 $5.30 1703 1300 2196 J$ 036 308 208 s89¢ 3348 7.0
n 5900 1307 1740 172.22 1901 000 486 067 79.00 4583 6016  4.01
% 270 1433 700 1200 818 000 397 1.37 8300 23.10 6881 1109
2% 4440 1248 1570 1761 886 000 16 1L} 2330 0008 7.8
00 $200 1948 1830 2104 1838 060 367 3% 12000 6268 4318  4.14
s 7800 2031 2080 2277 1233 066 444 200 98000 13000 5764 3828 6.10
46 9700 2700 2400 2685 2008 O81 1M AN 5618 3898 7.88
2% 6380 1983 1860 2383 1273 044 287 3t sss0 388 82
266 5570 1818 9.60 2277 €20 037 304 247 5016 3801 6.4
277 64080 1676 2200 1688 1754 000 409 139 319 0039 42
2. 2010 1294 730 1214 776 000 468 188 2288 8184 117
308 7700 1799 2070 2191 1128 066 306 330 083 4362 $88
an 75.40 1726 1970 2148 1077 077 366 348 se.82 3821 617
Boscheown Division 32 8300 2567 1990 2142 2393 08 800 239 5228 3000 12.83
3% 8040 2318 2200 2486 1479 087 608 241 75000 8100 4567 49078 4.6
34a 10290 2074 2000 2494 2818 OS2 664 228 44088 6002 8.3
38a 14500 2620 37.40 3117 36.67 061 127 1.00 11000 233 4229 538
36 10620 2323 2950 2808 22.80 0S8 118 247  1100.00 50.11 48533 486
are 2230 2099 4430 25927 4500 081 600 246 34000 8400 4347 S256 397
3% 11500 2648 3350 2701 2748 080 720  1.90 4018 4908 278
3% €0.10 18.36 1880 1716 973 048 411 222 73000 88.00 31.87 6077 7.66
40s 4750 1187 1470 1042 1073 023 278 126 62000 1302 5386 1B
an 2300 1080 1210 840 1004 020 341 088 90000 4000 14.97 81.98 307
a2 6210 2082 2350 2212 2051 048 684 180 3336 6324 341
43 50.80 1726 1640 1817 1100 043 634 219 130.00 3888 $6.76  6.67
3zb 111,10 2643  31.70 2865 2687 062 J4s 224 82 2027 NN
™ 100.00 2254 2810 2548 2476 086 651 2.0 32 433 .2
34 12630 2306 3090 29.00 2037 082  Bet 230 4688 5064 2.00
e 13230 2684 3640 3090 3151 062 1.6 267 8407 4222 2
oy 9630 2186 2400 2312 1580 OK) 642 247 s081 4727 182
M 9400 2122 27280 2470 22854 088 588 188 “wre B3N 218
38 9900 2638 2980 2484 2192 049 742 180 49.90 4848 182
%™ 710 1910 4240 1576 4816 043 434 14 31.30 6128 7.46
«% 360 1071 1200 926 731 021 238 064 1624 4089 W17
o 3600 1106 1250 663 937 021 414 086 1854 8187 1.89
420 6170 19.66 1800 19.46 1281 Oe4 609 161 3290 €323 387
4% 6070 1804 1820 1933 1370 044 698 1.8 3619 6830 &8



Appendix C

Macroinvertebrate Data Sheets




Macroinvertebrate Data Sheet

O-1-2- |O-I-1-b 6 =1-3-4
q-25-12 {924-92 q9-2942
| Gastropods >lcm R R ]
Gastropods <lcm /- Afi___ <_1¢ ~_74_F3 ]
Sphaeriidae B andicalold |4 MZ«W b ard realalel
| Hexagenia sp. s 5 o -

Chironomidae <lcm

Chironomidae 1l-4cm

Chironomidae >4cm

Heleidae

Reference number:

H.)-3-5 4-)-2-7

Date processed: q.25-12. q-29-12 y .
Gastropods >1lcm

Gastropods <lcm - 12 ) . "
| Sphaeriidae ! uthM = -
Hexagenia sp. | = ‘ ‘; ; } J.
Chironomidae <lcm 1 b ' ‘

Chironomidae 1l-4cm

Chironomidae >4cm

dditional 1into,

clte reference number:

Rare= 3 or less; Common= 4 to 9; Abundant= 10 to 50; Dominant=

greater than 50.



Macroinvertebrate Data Sheet

Reference. number:
Date processed:

EEINER

2=

4

2-1=k-

Gastropods >lcm

Gastropods <lcm

Sphaeriidae

| Hexagenia sp.

Chironomidae <lcm

Chironomidae 1-4cm

Chironomidae >4cm

Heleidae

-

Reference number:
Date processed:

a-1-2c11

Q-A-2-6
1-1-92.

a4do-¢
n-1-42

Gastropods >1lcm

9-29-92

Gastroggds <lcm

2.

Sphaeriidae

Hexagenia sp.

Chironomidae <lcm

10

Chironomidae 1-4cm

Chironomidae >4¢m

- Heleidae

2-1-2 -4

Rare= 3 or less; Common= 4 to 9; Abundant= 10 to 50; Dominant=

greater than 50.

dditional info, cite reference number:

Luntips vp o) Aabodat psint-




Macroinvertebrate Data Sheet

Reference number:
Date processed:

2-1-4-7
10-30-2%

2-1-%-6
=192

?-1-4-%
n-1-192

Gastropods >lcm

Gastropods <lcm

Sphaeriidae

Hexagenia sp.

Chironomidae <lcm

Chironomidae 1-4cm

Chironomidae >4cm

Heleidae

lLQQcL\

shot, Pb

Reference number:

Date processed: |
Gastropods >lcm :
Gastropods <lcm : =;

Sphaeriidae

Hexagenia sp.

Chironomidae <lcm

Chironomidae 1l-4cm

Chironomidae >4cm

Heleidae

Additional

Rare= 3 or less; Common= 4 to

greater than 50.

9; Abundant=

10 to 50; Dominant=



Macroinvertebrate Data Sheet

2-3-) - 2-32-1- 2-3-1-

Gastropods >lcm

Gastropods <lem |

Hexagenia sp

R
|

\
|
_Sphaeriidae | | B B
l
|

Chironomidae <lcm

Chironomidaq_l—4gm

Chironomidae >4cm ;
| Shlrc —
Heleidag__ - 44 o

Reference number: 2-2-2-1 A02-6 | AQ-a-~
Date processed: 10-6-92 10-30-4% : —
r
 ;%i

Additional 1nrto, cite rererence numoper:

Rare= 3 or less; Common= 4 to 9; Abundant= 10 to 50; Dominant=
greater than 50.



Macroinvertebrate Data Sheet

Reference number:
Date processed:

R-2-3-p
10-19 -92.

R-D-3-

8-9-3-8

Gastropods >1lcm

R

—

Gastropods <lcm

Sphaeriidae

Hexagenia sp.

Chironomidae <lcm :E;x
Chironomidae 1l-4cm 3 B
Chironomidae >4cm (=3
Héleidae ' /

Reference number:
Date processed:

2-3-9-

-V~ RA~Y ~

Gastropods >1lcm

Gastrquds <lcm

Sphaeriidae

Hexagenia sp.

| Chironomidae <lcm

Chironomidae 1-4cm

Chironomidae >4cm

Heleidae

Additional = = .

Rare= 3 or less; Common= 4 to 9; Abundant= 10 to 50; Dominant=

greater than 50.



Macroinvertebrate Data Sheet

Reference number:
Date processed:

B l-1=,
ti-30-92.

3=1-1-¢
n-30892

3-4-i=

Gastropods >lem

Gastropods <lcm

Ak

Sphaeriidae

1A

Hexagenia sp.

Chironomidae <lcm

Chironomidae l1-4cm

Chironomidae >4cm

 Heleidae

3=

Reference number: 3-1-2 - 3=l -
Date processed: ~A* o
. e ——
Gastropods >lcm : T
Gastropods <lcm , ‘ 31
Sphaeriidae L ,f‘?j!
Hexagenia sp. R '11;;
Chironomidae <lcm o S L
Chironomidae 1-4cm 1 RS
Chironomidae >4cm 1 'i,;};
Heleidae sl
p— — + —

ddit’ N

cite

3-1-1-0 silk ¢adls’ - semennd

Rare= 3 or less;
greater than 50.

Common= 4 to 9 Abundant=

10 to 50; Dominant=




Macroinvertebrate Data Sheet

Reference number: 3-2-1-4 | 3-9-1- | 3-2-\
Date processed: "%’qk} Y e

GaSE£PPQd$43£E@,,ﬁ

Gastrqggds <lcm

| Sphaerlidae

Hexagenia sp.

Chironomidae <lic

C
_Qg}ronomiggg 1-4c

Chironomidae >4cm |

Heleidae
| He e Uat

W srn b

Reference number: 3-d=2 -5 3-2-9-b 3-2-2 =
Date processed: 9-25-92-| 1-30-92-

Gastropods >lcm

Gastropods <lcm

Sphaeriidae

ERS DT O ) BT

Hexagenia sp.

Chironomidae <lem

Chironomidae 1l-d4cm | |

Chironomidae >decm

Heleldae

Additional infe, cite reference number:

Rare= 3 or less; Common= 4 to 9; Abundant= 10 to 50; Dominant=
greater than 50.



Macroinvertebrate Data Sheet

Reference number:
Date processed:

Reference number: 6-1-2-4 | 84<d~ | ] 813~
Date processed: 10-{o-42 ,
Gastropods >lcm
Gastropods <lcm A
Sphaeriidae / 5
Hexagenia sp. P e
Chironomidae <lcm /
Chironomidae l-4cm 4
Chironomidae >4cm 5
Heleidae -3
Leech o
§-4- S <4~ |5-)-Y-

Gastropods >1lcm

Gastropods <lcm

Sphaefiidae

Hexagenia sp.

Chironomidae <lcm

Chironomidae 1l-4cm

Chironomidae >4cm

Heleidae

Rare= 3 or less; Common= 4 to 9; Abundant= 10 to 50; Dominant=

greater than 50.

Additional 1nfo, cite reference number:




Macroinvertebrate Data Sheet

Reference number:
| Date processed:

§=1-0~

5-1-4—

5--6-

Gastropods >1lcm

Gastropods <lcm

Sphaeriidae

| Hexagenia sp.

Chironomidae <lcm

Chironomidae l1l-4cm

Chironomidae >4cm

Heleidae

_——_**—H—

Reference number: 5-1-§-5 | 5-1-8-4 5-1-§-
Date processed: q-25-92_ n-"-4z
Gastropods >lcm R R
Gastropods <lcm [ c
Sphaeriidae Disprticlatad

| Hexagenia sp. ;
Chironomidae <lcm =
Chironomidae 1-4cm
Chironomidae >4cm 15 N
Heleidae l:,

!

1 A

dditional info, cite reference number:

TE_]-5-y Aeu.%u ~2Zem 30 {MM

Rare= 3 or less; Common= 4 to 9; Abundant= 10 to 50; Dominant=

greater than 50.




Macroinvertebrate Data Sheet

Reference number:
Date processed:

§-1-10 ~

Ga-10- "

Gastropods >lcm

Gastrqggds <lcm

Sphaeriidae

| Hexagenia sp.

Chironomidae <lcm

b— —

Chironomidae 1l-4cm

Chironomidae >4cm

Heleidae

Reference number:
Date processed:

cl-12-

S-\-2-

}-.-—————-—-—-{-————-4—————1

512 -

Gastropods >1lcm

Gastropods <lcm

Sphaeriidae

| Hexagenia sp.

Chironomidae <lcm

Chironomidae 1l-4cm

Chironomidae >4cm

——

Rare= 3 or less; Common= 4 to 9; Abundant= 10 to 50; Dominant=

greater than 50.

ditional info, cite reference number:




Macroinvertebrate Data Sheet

Reference number:
Date processed:

6-a-1-

b-a-1 l(,-n«l

Gastropods >1lcm

Gastropods <lcm

Sphaeriidae

Hexagenia sp.

Chironomidae <lcm

Chironomidae 1-4cm

Chironomidae >4cm

Heleidae

Reference number:
Date processed:

Gastropods >1lcm

Gastropods <lcm

Sphaeriidae

Hexagenia sp.

Chironomidae <lcm

Chironomidae 1-4cm

Chironomidae >4cm

Heleidae

Rdditional = . cite

Rare= 3 or less; Common= 4 to 9; Abundant= 10 to 50; Dominant=

greater than 50.



Appendix D

Microtox” test Reports



MICROTOX DATA REPORT

FILE RAME: IBWINTER.SPT TEST DATE:
3-1-1-%D TEST TIME: it
Sample Description: ‘ Y
Reom temp. 22.3°C.
:00pm, 2-10-93, Keithsburg (Winter), Detatled Test, Dupe B

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppa Dilution Pactor : 2
Test Time: 5 minutes Concentration Units: ppa
NUMBER 1t CONC. GAMMA

1 93.00 48.186 0.0466%

2 89.00 96.371 0.0936

3 73.00 192.743 0.3333

4 61.00 385.483 0.59%6

s 50.00 770.970 0.9467#

] 31.00 1541.9461 2.1398#

7 14,00 3083.881 5.9524m

8 5.00 6167.763 18.4667»

9 3.00 12335.530 31.4444

10 31.00 24671.051 31.464464

11 1.00 49342.102 96.3333

12 1.00 98684.203 96.3333

CONTROL It's : 96.00 101.00 95.00

10 O8444444444A48458844440444644404064 8 4444444484444440444444¢C
*SLOPE = 1.4334 .

. 5 .
: " sy
M T
—
1 >ll|lllllt.lll!..l._
. =37
. — .EC50 .

. .

10 AMMAAASSASS44044404. "AA4400AAMMAMAAANGAA"AA84440444444004444)
100 1000 CONCENTRATION 10E4 10E5

EC50 853.555 (95% CONFIDENCE RANGE 634.224 TO 1113.617)

Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 2-1-3-3A.SPT TEST DATE:
TEST TIME:
Sample Dascription: Roor + o1 po J0-8°C

12:55pm, 1-29-93, Round Pond, Detailed Test, Dupe A

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilucion Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA
1 98.00 48,186 0.0034*
2 104.00 96.371 -0.0345*
3 95.00 192.743 0.0351*
4 93.00 385.485 0.0573
5 98.00 770.970 0.0034*»
6 91.00 1541.961 0.0806
7 91.00 3083 .881 0.0806
8 105.00 6167.763 -0.0635*
9 66.00 12335.530 0.4899
10 58.00 24671.051 0.6954m
11 35.00 49342.102 1.8095#
12 16.00 98684 .203 5.1458»
CONTROL It’s : 95.00 96.00 104.00
10 OSA44SASAASE404844446444840444484844444844488844444484444444444C
*SLOPE - 1.1558 ¢
G
A
M
n — —
A
9
M .EC50 *

10 A4884444444444444444 7 20484044 S44AS444A4"0AAAMA4AAGAdAAa8441
1000 10B4 CONCENTRATION 10ES 10E6

BC30274654.191 (95% CONFIDENCE RANGE:16731.852 TO 45047.773)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 2-1-1-3B.SPT TEST DATE:
TEST TIME: _
Sample Description: room +emp- ﬂ_’
3:15pm, 1-27-93, Round Pond, Detailed Test, Dupe B j
Procedure: SOLID-PHASE Oswotic Adjustment: n¢
Initisl Concentration : 98684.2 ppm Dilution Fsctor : 2
Test Time: 35 minutes Concentration Units: )
NUMBER It CONC. GAMMA
1 97.00 48.186 -0.0034>
2 95.00 96.371 0.0175»
3 92.00 192.743 0.0507
4 78.00 383.485 0.2393
5 68.00 770.970 0.4216#
6 45.00 1541.941 1.1481s
7 25.00 3083.881 2.8667#
3 10.00 6167.763 8.6667»
9 2.00 12335.530 47.3333
10 1.00 264671.051 95.6667
11 0.00 49362.102 > 999
12 0.00 98684 .203 > 999
CONTROL It’'s : 95.00 96.00 101.00
10 OMA44480444448444A04444444400408400444444000444844804484440464C
*SLOPE - 1.4405 8 ¢
L ——
u -
1 Stttstsssasesesssneing ‘-

* .EC50 *

10 QMM4AAAMASEAMARAARAA" A4S AAMAAMARAARMSRAA AAAA0ARA424044484481
100 1000 CONCENTRATION 10E4 10ES

EC50 1617.029 (95% CONFIDENCE RANGE: 1284.887 TO 1562.760)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 2-1-1-3A.SPT TEST DATE:_
) TEST TIME:
Sample Description: 00+ 270 F°
2:300"1-27-93, Round Pond, Detailed rug, Bupe 2 II°C

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 Ppm Dilution Factor : 2
Test Time: S minutes Concentration Units: ppm
NUMBER It CONC GAMMA

1 155.00 48.186 -0.2968%

2 116.00 96.371 -0.0603*

3 107.00 192.743 0.0187*

4 100.00 385.485 0.0900«

5 87.00 770.970 0.2529#

6 72.00 1541.941 0.5139#

7 35.00 3083.881 2.1143n

8 15.00 6167.763 6.2667#

9 3.00 12335.530 35.3333#

10 1.00 24671.051 108.0000*

11 0.00 69342.102 > 999 *

12 0.00 98684.203 > 999 »

CONTROL It's : 95.00 135.00 97.00
10 Ouuuutuauuuuuuauuuuuuua 9 4444444444444444¢
°SLOPE = 1.6863 M

K

>PZTX>

1 SSssannsesaseessnennns:
.

ol

5-

.
.
-

“ECS0

10 A4444444404644444444 2464 . BAAAA4AAA4A444"44444444048444844441
100 1000 CONCENTRATION 10E4 10ES

EC30 1848.161 (95% CONFIDENCE RANGE: 1502.184 TO- 2273.823)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 0-1-2-3B.SPT TEST DATE:
TEST TIME:
Sample Description: roen temd. d2,0°C
1:10, 1-15-93, pool 19, Detailed Test, Dupe g
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 35 ainutes Concentration Units: ppn
NUMBER It conc. GAMMA
1 63.00 48.186 0.4656
2 117.00 96.371 -0.2108+*
3 $9.00 192.743 0.56508
4 45.00 385.485 1.0519»
S 25.00 770.970 2.6933
6 12.00 1541.941 6.69440
7 2.00 3083.881 45.1667
8 4.00 6167.763 22.0833
9 2.00 12335.530 45.1667
10 1.00 24671.051 91.3333
11 1.00 49342.102 91.3333
12 0.00 98684.203 > 999 *
CONTROL It's : 96.00 96.00 85.00
10 Od444444444464445484848084406448868048884408048884888884448444C
*SLOPE - 1.2057 ¢
. _ e .
A .
M 3
“

1 >tesstnasnacisesesaveesndgeen r

—

10 Add4444444444444

AAAAdA44444444444
10 0

EC50 334.646 (95% CONFIDENCE RANGE  262.136 TO  427.212)

# Used for calculations
* Invalid gammas



{ICROTOX DATA REPORT

FILE NAME: 0-1-3-3B.SPT

Procedure: SOLID-PHASE
Initial Concentration : 98684.2 PR
Test Time: 5 minutes

NUMBER It CONC
1 106.00 48.186
2 92.00 96,371
3 89.00 192.743
4 77.00 385.485
5 59.00 770.970
6 37.00 1541.941
7 25.00 3083.881
8 6.00 6167.763
9 3.00 12335.530
10 2.00 24671.051
11 2.00 49342.102
12 0.00 98684 .203
CONTROL It's : 97.00 117.00

10 ﬂ‘AAAA‘44‘4“““!“‘4““4‘4“4“

TEST DATE:_
TEST TIME:

Sample Description: R T@m@\ : °
2:15, 1-8-93, pool 19, Detafled Test, Dupe B ak{‘b ¢

Osmotic Adjustment: none
Dilution Factor : 2
Concentration Units: ppm

FESR

51.

103.00

edat-a-X-X-X-]

"SLOPE - 1.0531

e o o v @

X >0

1 >eeasasesasesessnne _—

: 5

N “EC50

.

10 uu_uéuuausuua Aéététééltﬂdldtétédl s

100 1000 CONCENTRAT

BC50 950.852 (958 CONFIDENCE RANGE:

‘lll““éd‘igéAAAAAljdéljéc

ION 10E4

854.140 TO

® ¢ o e o ¢ o

.

A8444444444444544441

10E5

1058,515)

# Used for calculations
* Invalid gammas



HMICROTOX DATA REPORT

I?IL! NAME: 0-1-2-3A.SPT

Sa-plo Description:

Koo
12:10pw, 1-15-93, pool 19, Detailed Test, Dupe A

Procedure: SOLID-PHASE
Initial Concentration : 98684.2 ppa
Test Time: 5 minutes

NUMBER It CONC
1 87.00 48.186
2 57.00 96.371
3 70.00 192.743
4 60.00 385.485
5 48.00 770.970
[ 27.00 1541.941
7 11.00 3083.881
[} 2.00 6167.763
9 1.00 12335.530
10 0.00 24671.051
11 0.00 49342.102
12 0.00 98684 .203
CONTROL It's : 94.00 79.00

TEST DATE:_
TEST TIME:
20A -0.«?“. 22.0"C

Osmotic Adjustment: none
Dilution Factor : 2
Concentration Units: ppa

76.00

10 o«umuuuuuuuuuuuuuuuuuuuuauuuAuuc

'SIDPE - 1.2714

XX >0
PR

.

PSIIYTTITR I T I TY YT T oy
. K

-

3 -ECS0

A A Y R

10 844444444444444488 .4 04AMAAMAMAAASANAAAASAASA442084444444441
100 1000 CONCENTRATION 10E4 10E5

BC50 813.897 (95% CONFIDENCE RANGE

$49.133 T0 1020.483)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 2-2.1-3A.SPT TEST DATE:
E TEST TIME: ;
Sample Description: RM“« r""\& 2 ,_',C_

3:00pm, 1-29-93, Little Denny Pond, Detailed Test, Dupe A

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 Ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA

1 91.00 48.186 0.0659

2 100.00 96.371 -0.0300*

3 91.00 192.743 0.0659

4 88.00 385.485 0.1023

5 84.00 770.970 0.1548#

6 71.00 1541.941 0.3662#

7 47.00 3083 .881 1.0638»

8 15.00 6167.763 5.4667%

9 9.00 12335.530 9.7778»

10 6.00 24671.051 15.1667

11 4.00 49342.102 23.2500

12 2.00 98684.203 47,5000

CONTROL It’'s : 95.00 97.00 99.00

10 o‘“‘“‘““‘lliAAA“‘64‘4““““4““ll‘!‘“‘l‘déééé‘éltééC
*SLOPE = 1.5863 *
. 8— - °
G M .
A -
Mo o
o
M : <3
M =
1 >0esnssnesceneesstvanstnnese™ 5
0
- .EC50 ¢

. .

S .
10 44444444444464444444 44444444, 4444444444 " 44444444444444444441
100 1000 CONCENTRATION 10E4 10E¢

EC30 2667.740 (95% CONFIDENCE RANGE: 2096.438 TO 3394.727)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 2-2-1-3B.SPT TEST DATE:

D e ]
TEST TINE: i,
Sample Description: Kbo-\ the. 249,
145pm, 1-29-93, Little Denny Pond, Detailed Test, Dups B
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppam Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA

1 131.00 48.186 -0.2188+*

2 123.00 96.371 -0.1680*

3 133.00 192.743 -0.2306*

4 140.00 385.485 -0.2690*

5 118.00 770.970 -0.1328%

6 103.00 1541.941 -0.0254+

7 80.00 3083.881 0.2792#»

8 51.00 6167.763 1.0065#

9 21.00 12335.530 3.8730#

10 12.00 26671.051 7.5278e

11 9.00 49342.102 10.3704»

12 1.00 98684 .203 101.3333*

CONTROL It‘s : 96.00 135.00 76.00
10 OAMAEA4AE4444484AAS068448484844440 1) AAA444484044444044444444C
*SLOPE = 1.3333 e
10

L 3 38 3 o)

esnnssaeseenss §

a—
Sttt —V

——

et
—————
atitpa——

7

-
IR EREEREEL I EN]
P

e e 8 e 5 0 0 A e

-EC50

.— -
10 AAMSAM4844006444 446 4454486040866440884 46444AA444444444444)
1000 10E4 CONCENTRATION 10ES 10E6

EC50 6581.972 (95% CONFIDENCE RANGE: 3927.031 TO 11031.833)

# Used for calculations
* Invalid gammas



FILE NAME: 2-2-4-3A.SPT

Sample Description:

MICROTOX DATA REPORT

TEST DATE: =
TEST TIME:

— i

Room temp. QI.V’C}

2:00pm, 1-29-93, Little Denny Pond, Detailed Test, Dupe A

Procedure: SOLID-PHASE
Initial Concentration :
Test Time: 5 minutes

NUMBER Ic
1 36.00
2 93.00
3 86.00
4 72.00
5 49.00
6 27.00
7 7.00
8 1.00
9 1.00
10 0.00
11 0.00
12 1.00

CONTROL It's : 96

FILE NAME: 2-2-4-3A.SPT

Sample Description:

Osmotic Adjustment: none

98684.2 ppm Dilution Factor : 2
Concentration Units: ppm
CONC. GAMMA
48.186 1.3611
96.371 -0.0860%
192.743 -0.0116%*
385.485 0.1806#
770.970 0.7347
1541.941 2.1481
3083.881 11.1429
6167.763 84.0000
12335.530 84,0000
264671.051 > 999 »
49342.102 > 999
98684.203 84.0000
.00 72.00 87.00
MICROTOX DATA REPORT
TEST DATE:
TEST TIME:

2:00pm, 1-29-93, Little Denny Pond, Detailed Test, Dupe A

Procedure: SOLID-PHASE
Initial Concentration :
Test Time: S5 minutes

NUMBER It
1 36.00
2 93.00
3 86.00
4 72.00
S 49.00
6 27.00
7 7.00
8 1.00
9 1.00
10 0.00
11 0.00
12 1.00
COMTROL It's : 96

FILE NAME: 2-2-4-3A.SPT

Sample Description:

98684.2 ppm

.00 72.00 87.00
MICROTOX DATA REPORT

Osmotic Adjustment: none
Dilution Factor : 2
Concentration Units: ppm

TEST DATE:
TEST TIME:



MICROTOX DATA REPORT

FILE NAME: 2-2-4-3B,SPT TEST DATE: :
TEST TIME: T
?MM "'Pw\Pn J’.‘;“C.

2:45pm, 1-29.93, Little Denny Pond, Detailed Test, Dupe B

Sample Description:

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initfal Concentration : 98684.2 PPm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER Ic CONC GAMMA
1 92.00 48.186 0.0688
2 90.00 96.371 0.0926
3 76.00 192.743 0.2939
4 72.00 385.485 0.3657#
5 44,00 770.970 1.2348#
6 19.00 1561,941 4.1754#
7 4.00 3083.881 23.5833
8 0.00 6167.763 > 999 &
9 0.00 12335.530 > 999
~10 0.00 24671.051 > 999 *
11 0.00 49342.102 > 999 *
12 0.00 98684 .203 > 999 *
CONTROL It’s : 96.00 101.00 98.00

10 OAAt“ll‘tt‘tl‘l‘ltl“ta‘(ttl&‘ttté‘édtladétdAléAéédédAAAéééc
*SLOPE = 1.7565 *
.

R X & X3

-

tesssesesessesn ¥

e e 0t e sV e o

¢ s s P e s 0 A

“EC50

10 Al“‘t:ﬁtlélllt‘l.l“la‘tdﬂ&lat‘dﬂ!tal(lAéé‘tlttété!éééééadli
100 1000 CONCENTRATION 10E4 10E5

EC30 683.532 (95 CONFIDENCE RANGE: 683.532 TO 683.532)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT
FILE NAME: 3-1-1-3A.SPT TEST DATE:
TEST TIME: ot

Room deamp N 4°C
4:00pm, 1-6-93, Keithsburg-lower, Detailed Test, Dupe A

Sample Description:

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC GAMMA
1 100.00 48.186 -0.0567+
2 92.00 96.371 0.0254%
3 94.00 192,743 0.0035%*
4 79.00 385.485 0.1941
5 73.00 770.970 0.2922#
6 55.00 1541.941 0.7152#
7 32.00 3083.881 1.9479#
8 14.00 6167.763 5.7381»
9 9.00 12335.530 9.4815
10 5.00 24671.051 17.8667
11 2.00 49342.102 46.1667
12 1.00 98684.203 93.3333
CONTROL It‘'s : 97.00 82.00 104.00
10 Oddd444444444444444444444444888444484444444444448448448444444¢
*SLOPE = 1.4332 _ *
8
M
M —
7
5
: * .ECS0 .

10 A444448464444A444444" 4844 . d4444a44444444 “4dd4Aaddddddddaaaadal
100 1000 CONCENTRATION 10E4 10E5

»

EC50 1881.132 (95% CONFIDENCE RANGE: 1701.806 TO 2079.355)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 3-1-1.3B,SPT TEST DATE:
TEST TIME:

Room temp 31 .5°C.
4:20pm, 1-6-93, Keithsburg-lower, Detailed Test, Dupe B

Sample Description:

Procedure: SOLID-PHASE . Osmotic Adjustment: none
Inftial Concentration : 98684.2 PpB Dilution Factor : 2
Test Time: S minutes Concentration Units: ppm
NUMBER It CoNC GAMMA
1 103.00 48.186 0.0453*
2 101.00 96.371 0.0660
3 101.00 192.743 0.0660
4 92.00 385.485 0.1703#»
5 75.00 770.970 0.4356#
6 35.00 1541.941 0.9576#
7 28.00 3083.881 2.84528
8 10.00 6167.763 ' 9.7667»
9 2.00 12335.530 52.8333
10 2.00 24671.051 52.8333
11 0.00 49342.102 > 999 =
12 0.00 98684 .203 > 999 *

CONTROL It's : 95.00 113.00 115.00
10 O“AuAuuumusuuuuumuuuuuauuuuuaa“éaac
8

*SLOPE = 1.4391 _ .

M .

¢ .
A . .
Mo .
L B o
A R
1 >nnu-nnuuouuu-':" ’, <
. it .

5

4 .EC50 N

10 A4484444444444444444 A4 d444444444444444 A4AAAAAAAAA44A444441
100 1000 CONCENTRATION 10E4 10E5

BC30 1403.855 (95% CONFIDENCE RANGE: 1206.177 TO 1633.929)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT
FILE NAME: 3.2-2-3A,SPT TEST DATE:
TEST TIME:
Reum T'cmf Qg
1:00pm, 1-8-93, Keithsburg-upper, Detailed Test, Dupe A

Sample Description:

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER Ic CONRC. GAMMA
1 105.00 48.186 -0.0635%
2 94.00 96.371 0.0461*
3 95.00 192.743 0.0351*
4 80.00 385.485 0.2292#
5 66 .00 770.970 0.4899#
6 49.00 1541.941 1.0068#
7 25.00 3083.881 2.9333
8 9.00 6167.763 9.9259
9 3.00 12335.530 31.7778
10 2.00 24671.051 48.1667
1 1.00 49342.102 97.3333
12 2.00 98684.203 48.1667
CONTROL It's : 95.00 101.00 99.00
10 OAGAL4A44804446A8444444444084444856404444484844844084484884444C
*SLOPE = 1.0677 *
G ® .
A . *
. - i -
A . m - -
. ) —re .
1 >eeenssansesasesnseenas <
. — .
. —_— ' ‘e
. 5 .
- L 3
. _ l._ . .
* .EC50 .

.10 A44d44AASASAAA4AAA44" 444 .444444444844444 4444444444444444444)
100 1000 CONCENTRATION 10E4 10E5

EC50 1522.536 (95% CONFIDENCE RANGE: 1289.541 TO 1797.630)

Used for calculations
* Invalid gammas




MICROTOX DATA REPORT

FILE NAME: 3-2-2-3B.SPT TEST DATE:_
TEST TIMR:

sy
RO~ ‘)PH\P 7Y, &JC,
1:30ps, 1-8-93, Keithsburg-upper, Detailed Test, Dupe B

Ssmple Description:

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration :@ 98684.2 ppa Dilution Factor : 2
Test Time: 5 minutes ) Concentration Units: ppe
NUMBER It CONC . GAMMA

1 100.00 48.186 0.0200*

2 101.00 96.371 0.0099*

3 95.00 192.743 0.0737

'Y 85.00 385.485 0.2000»

S 62.00 770.970 0.6452s

6 34.00 1541.9641 2.0000»

7 19.00 3083.881 4.3684

8 8.00 6167.763 11.7500

9 3.00 12335.530 33.0000

10 2.00 24671.051 50.0000

11 1.00 49342.102 101.0000*

12 1.00 98684.203 101.0000*

CONTROL It's : 96.00 109.00 101.00
10 OAS44444448444484044080448004480040A004484444844448048444080444C
*SLOPE = 1.6610 N

s e 0 e o

&

—

>PEXX>O

S .

[
* 8 ¢ ey o e ¢ o o s 0 0

-
—

- :v,..: ;

e

* .EC50 *

10 A4AAMAAMSARGEALSAAAE " SASAAMAGAMAEASAAAAE " ASARAAAAAANASAA444)
100 1000 CONCENTRATION 10E4 10E5

8C50 1011.776 (95 CONFPIDENCE RANGE. 940.898 TO 1087.993)

# Used for calculations
+* Invalid ganmas



MICROTOX DATA REPORT

FILE NAME: 4-1-1-3A.SPT TEST DATE: . o
'l'gST TIME: 0o
Sample Description: oo Ry DA e.
1:30pm, 1-22-93, White Chute, Detailed Test, Dd;f “.,éiiyﬁi,lh

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm } Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA

1 86.00 48.186 0.0736

2 79.00 96.371 0.1688

3 90.00 192.743 0.0259+

4 91.00 385.485 0.0147%

5 39.00 770.970 1.3675#

6 84.00 1541.941 0.0992#

7 80.00 3083.881 0.1542#

? 47.00 6167.763 0.9645#

9 50.00 12335.530 0.8467#

10 30.00 24671.051 2.0778#

11 15.00 49342.102 5.1556»

12 7.00 98684.203 12.1905#

CONTROL 1t’s : 95.00 94.00 88.00
10 O44444444444444444544844444444444444444 12 d4444d4444444d44aa¢
*SLOPE = 0.7340 °
pey

G
A
M —
M 10
A

* .EC50 ¢

* 6 7 . °

10 AA4444444444844444.4 " 444A446444444444644"44444804444444448441
1000 10E4 CONCENTRATION 10ES5 10E6

EC50 8044.636 (95% CONFIDENCE RANGE: 2914.395 TO 22205.693)

Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 4-1-1-3B.SPT

Sample Des pti } -
2:15pm, 1-22-93, White Chute,
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: S minutes Concentration Unics: PPpm
NUMBER It CONC GAMMA

1 94 .00 48.186 0.0638

2 95.00 96.371 0.0526

3 98.00 192.743 0.0204%

4 90.00 385.485 0.1111

S 90.00 770.970 0.1111

6 93.00 1541.941 0.0753

7 82.00 3083.881 0.2195

8 79.00 6167.763 0.2658»

9 54.00 12335.530 0.8519#

10 33.00 26671.051 2.0303#»

11 18,00 49342.102 4.5556m

12 11.00 98684.203 8.0909

CONTROL It's : 95.00 108.00 97.00

.10 .Aaaada.iaMéaaaéa‘aéa‘éaaaéaaaaaaéaaé AA444A44444444444441
1000 L0E4  CONCENTRATION 10ES 10E6

EC5015236.967 (954 CONFIDENCE RANGE:12339.940 To 18814.123)

# Used for calcula:
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 4-1-3-3A.SPT TEST DATE:
TEST TIME:
Sample Description: ROOm temp: FX/4C
12:10, 1-22-93, White Chute, Detailed Test, Dupe A
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 35 wminutes Concentration Units: ppm
NUMBER Ic CONC. GAMMA
1 96.00 48.186 -0.0208*
2 86.00 96.371 0.0930
3 91.00 192.743 0.0330+
4 82.00 385.485 0.1463
5 70.00 770.970 0.3629
6 62.00 1541.941 0.5161=
7 40.00 3083.881 1.3500#
8 20.00 6167.763 3.7000#
9 7.00 12335.530 12.4286
10 2.00 24671.051 46.0000
11 1.00 49342.102 93.0000
12 1.00 98684 .203 93.0000
CONTROL It’'s : 97.00 94.00 91.00

10 O4ASS44444444444008844440444044044048044044444444444080804440084¢
*SLOPE = 1.4208 ¢

- mmra

sessense sadneedanedd ‘ T-

6

e o a & v o v sy o 0 s e
* e 8 8 0 8 SA &0

.EC30
.10 A4446444404844444444" 4066484 A6444464044 64844440448444044444)
100 1000 COMCENTRATION 1OE4 10E5

BCS0 2469.598 (95% CONFIDENCE RANGE: 2208.433 TO 2761.648)

# Used for calculations
+* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 4-1-3-3B.SPT TEST DATE: _
TEST TIME:____
Sample Description: Roomtemp. 22.9°%C
1:00, 1-22-93, White Chute, Detailed Test, Dupe B
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA

1 130.00 48.186 -0.1128%

2 114,00 96.371 0.0117*

3 116.00 192.743 -0.0057*

4 114.00 385.485 0.0117*

5 72.00 770.970 0.6019»

6 0.00 1541.941 > 999 &

7 70.00 3083.881 0.6476w

8 49.00 6167.763 1.3537#

9 22.00 12335.530 4.2424m

10 7.00 24671.051 15.4762#

11 4.00 49342.102 27.8333»

12 3.00 98684 .203 37.6444

CONTROL It's : 96.00 126.00 124.00
10 O4444464444448844444444 6 884444444844444444444 10 44 1) 4s4c

*SLOPE = 0.2535 *
. .
. .
G . "o
A . Yo
M . ¢
M K
A L — .
. o 8 .
1 >teseeaeernian <
. - - .
* : .
. s .
. .
. .
* .EC50 M
. .
10 844444444444444 . 4444 "4444444844444484444 "4444444444444444444)
100 1000 CONCENTRATION 10B4 10ES

BC30 544.984 (95% CONFIDENCE RANGE: 12.458 TO 23840.254°

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 5-1-1-3A.SPT TEST DATE: BEGRS
TEST TIME: Lo

Room tem [ I3.90¢80

3:30pm, 2-3-93, Batchtown I and II, Detailed Test, Dupe A

Sample Description:

Procedure: SOLID-PHASE Osmotic Adjustment: none
Inttial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA
1 90.00 48.186 0.0926
2 79.00 96.371 0.2447
3 73.00 192.743 0.3470#
4 50.00 385.485 0.9667#
3 22.00 770.970 3.4697»
6 6.00 1541.941 15.3889»
7 1.00 3083.881 97.3333
8 1.00 6167.763 97.3333
9 0.00 12335.530 > 999  *
10 0.00 24671.051 > 999 »
1 0.00 49342.102 > 999 *
12 0.00 98684.203 > 999
CONTROL It’s : 96.00 98.00 101.00
10 Od44484444444444444444480804444084884444444 6 26244848443484C
*SLOPE = 1.8256 ¢

PXX>O

l..Il.lllIllll..llllll“l‘.:“. 7.—’

-
@ 3 o 6 6 6 6 0 eV o e e s s 0w e
e ¢ & o o e 0 s A

.

10 AdAA4444444484444444 2444644444 44444444 " 84444444444444444441
100 CONCENTRATION 1000 10E4

EC50 368.185 (95% CONFIDENCE RANGE: 296.380 TO 457.388)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 5-1-1.-3B.SPT TEST DATB:
TEST TIME:
Sample Description: ﬂmm T""’? L 234°C.
4:00pm, 2-3-93, Batchtown I and II, Detailed Test, Dupe B
Procedure: SOLID-PHASE Osmotic Adjustment: none
Inicial Concentration : 98684.2 ppm Dilution Pactor : 2
Test Time: 5 minutes Concentration Units: ppa
NUMBER It CONC GAMMA
1 96.00 48.186 0.1181
2 83.00 96.371 0.2932
3 76.00 192.763 0.4123
& 57.00 385.485 0.8830w
- 31.00 770.970 2.4624m
6 12.00 1541.941 7.9444m
7 4.00 3083.881 25.8333s
8 2.00 6167.763 52.6667
9 1.00 12335.530 106.3333%
10 1.00 26671.051 106.3333
11 1.00 49342.102 106.3333¢
12 0.00 98684.203 > 999
CONTROL It‘s : 95.00 114.00 113.00
10 ObMA44AAAGASAALAMM4SA44440464 7 64540646 4AAEASA444444084664¢
*SLOPE = 1.6302 6 *
—
: —
N ¥
A P
"
1 >eshenesens

.

.

-'oo-‘:g"‘-:
*® & o b @ 8

_- .ECS0

10 AAASAAAGMARSS 446884 AAMMAAAAASEAARANALA" 4444484443084a44441
100 1000 CONCENTRATION 10E4 10ES

EC50 428.209 (958 CONFIDENCE RANGE: 379.531 TO 483.129)

# Used for calculations
* Invalid gemmas



MICROTOX DATA REPORT

FILE NAME: 5-1-4-3A.SPT TEST DATE:
TEST TIME: :

erer—
. Room 'femf\. 93.5
2:25pm, 2-3-93, Batchtown I and 1I, Detailed Test, Dupe A

Sample Description:

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppa Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC GAMMA
1 77.00 48.186 0.2251
2 76.00 96.371 0.2412#
3 68.00 192.743 0.3873#
4 39.00 385.485 1.4188#
5 25.00 770.970 2.7733s
6 16.00 1541.941 4.8958#
7 5.00 3083.881 17.8667%
] 1.00 6167.763 93.3333
9 1.00 12335.530 93.3333
10 0.00 24671.051 > 999 =*
11 0.00 49342.102 > 999 »
12 0.00 98684.203 > 999 »
CONTROL It's : 95.00 92.00 96.00
10 Oél“Al(lttlémtllll‘téém‘tt“‘&é““ﬂltt“tét 7 44dds444c-
*SLOPE « 1.2286 M
¢ ° 6 °
A * ) *
M .
N ¢ g °
A = -
. 7 B ‘_ .4
1 >|nnulu-nnllnn’l.!lj“ailé . <
. -3 .
. T . .
* .EC50 ©

. .
10 AAASAAAAAAAASAA44448 4444444444 4444444 24446480445448444841
10 100 CONCENTRATION 1000 10E4

ICSQ 343.202  (95% CONFIDENCE RANGE: 272.486 TO  432.271)

# Used for calculations
* Invalid gammas




MICROTOX DATA REPORT

FILE NAME: 5-1-4-3B.SPT TEST DATE:
TEST TIME: :
Sample Description: ?QON\ +e»\ pe ;13‘/'0
3:10?"\1-3-93. Batchtown I and II, Detailed Test, Dupe B
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes . Concentration Units: ppa
NUMBER 1t CONC GAMMA
1 95,00 48.186 -0.0175%
2 85.00 96.371 0.0980#
3 67.00 192,743 0.3930
4 57.00 385.485 0.6374w
b 26.00 770.970 2.5897»
[ 19.00 1541.941 3.9123#
7 7.00 3083.881 12.3333»
8 3.00 6167.763 30.1111
9 2.00 12335.530 45.6667
10 1.00 24671.051 92.3333
11 1.00 49342.102 92.3333
12 0.00 98684 .203 > 999
CONTROL 1t‘s : 97.00 97.00 86.00
10 O4444444444448444448444444448 7 4444444444444444444444444444¢
"SLOPE - 1.3384 *
e -
‘ *
Hoe
H .
A
1 >eteessensesns’ ,"" c
" -t
°_ .ECS0 M
2 ) .
10 &4d4444444d4d4. A4444 " A444A4A844044484444 " 44444444444444444841
100 1000 CONCENTRATION 10E4 10E¢

EC30 475.297 (95% CONFIDENCE RANGE  380.706 TO  593.389)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT
FILE NAME: PERCENT.SPT TEST DATE:

TEST TIME: e
Sample Description:
(@cent of 5-1-7-3A ) ROON *’t’hr.' QJ.‘/QCV

Procedure: SOLID-PHASE Osmotic Adjustment: no
Initial Concentration : 9.868 & Dilution Factor : 2
Test Time: S5 minutes Concentration Unics: ¢
NUMBER It CONC. GAMMA
1 131.00 0.0048 -0.0611*
2 126.00 0.0096 -0.0238+
3 116.00 0.0193 0.0603
4 105.00 0.0385 0.1714
S 88.00 0.0771 0.3977#
6 52.00 0.1542 1.3654»
7 22.00 0.3084 4.5909%
8 7.00 0.6168 16.5714n
9 1.00 1.2335 122.0000*
10 1.00 2.4670 122.0000%
11 1.00 4.9340 122.0000*
12 1.00 9.8680 122.0000*
CONTROL It's : 97.00 136.0 136.00

10 0‘1“““(6‘64664&Aﬂdélllltaltlé“l 8 4444444444484a844448aa¢
°SLOPE = 1.7892 °

°

>ExX>»0

010

0.1297 (95% CONFIDENCE RANGE: 0.12%4 10 0.1340;

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE MAME: 5-1-7-3A.SPT TEST DATE: gy
TEST TIME: s

Sample Description:

2:00pm, 1-13-93, Batchtown I and II, Detailed Test, Dupe A

Procedure: SOLID-PHASE -Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 sinutes Concentration Units: ppm
NUMBER It CONC. CAMMA

1 131.00 48.186 -0.0611%

2 126.00 96.371 -0.0238%

3 116.00 192.743 0.0603

4 105.00 385.485 0.1714

5 88.00 770.970 0.3977»

6 52.00 1541.941 1.3654s

7 22.00 3083.881 4.5909¢

8 7.00 6167.763 16.5714m

9 1.00 12335.530 122.0000*

10 1.00 24671.051 122.0000%

11 1.00 49342.102 122.0000*

12 1.00 98684 .203 122.0000%

CONTROL It's : 97.00 136.00 136.00
10 066444644440 044000088448444064400464 8 ASA44A4A44E484884848444C
*SLOPE = 1.7892 .

7

¢ °

1 >t08ss00n0000Rs00000

3
”
i

. - .ECS0 .

10 AdASACASASANRAARSALA L. ASAM6444444444444"4444484444484444444)
100 1000 CONCENTRATION 10E4 10€E3

EC50 1296.576 (95¢ CONFIDENCE RANGE: 1255.075 TO 1339.449)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 5-1-7-3B.SPT TEST DATE:
TEST TIME:

Room temp 2.5
3:00pm, 1-13-93, Batchtown I and II, Detailed Test, Dupe B

Sample Description:

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA
1 8%.00 48.186 0.0524
2 80.00 96.371 0.1708
3 80.00 192,743 0.1708#
4 67.00 385.485 0.3980#
5 53.00 770.970 0.7673#
6 32.00 1541.941 1.9271»
7 12.00 3083.881 6.8056»
8 5.00 6167.763 17.7333»
9 2.00 12335.530 45.8333
10 1.00 24671.051 92.6667
11 1.00 49342.102 92.6667
12 1.00 98684 .203 92.6667
CONTROL It’s : 6.00 89.00 96.00
10 Oéét“l“t“dt‘6!!&&46‘“‘4“““& 8 AM44444484844444444444C
*SLOPE = 1.3458 .
. _ C .
e »
A *
PP
. S _
A * 6
L]
1 sty

-

3 .EC50 °

A4 - °

10 A444444444444445468. d“llt““ld“&éétltétAééttééééétééééééadél
100 1000 CONCENTRATION 10E4 10E5

L B A

EC30 802.832 (95 CONFIDENCE RANGE 678.868 TO 949 .432)

# Used for calculation



MICROTOX DATA REPORT

FILE NAME: S5-1-11-A.SPT TEST DATE:__
TEST TIME:
Sample Description: 7 200'\ ——K,M : Q\.q °o¢
2:00, 1-15-93, Batch town I and 11, Detailed Test, Dupe A
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 Ppm Dilution Factor : 2
Test Time: S5 minutes Concentration Units: ppm
NUMBER It CONC GAMMA
1 98.00 48,186 -0.0544%
2 90.00 96.371 0.0296*
3 95.00 192.743 -0.0246%
4 83.00 385.485 0.1165
5 78.00 770.970 0.1880»
& 60.00 1541.941 0. 5444
7 39.00 3083.881 1.3761#
8 16.00 6167.763 4.7917#
9 3.00 12335.530 29.8889
10 2.00 24671.051 45.3333
11 1.00 49342.102 91.6667
12 1.00 98684 .203 91.6667
CONTROL It's :  95.00 90.00 93.00 .
10 o“u“uuuuu“uuuutuutuutuuuaauuuauaaaaac
"SLOPE = 1.5352 o .

>PETXTEX>O

ll...lll.'..llIl.....lll'

-
: . S
H

[
I I I I V2 S,

.EC50 °

.

10 AS444444444444444444" 444444 . AAAAAAAAAGAA " 4444444448444 44848441
0 1000 CONCENTRATION 10E4 10E5

EC50 2324.261 (95% CONFIDENCE RANGE: 2027.790 TO 2664.076)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 5-1-11-B.SPT TEST DATE:
TEST TIME: o .
Sample Description: me temp. DL fi,'ce

2:40pm, 1-15-93, Batch town 1 and 11, Detailed Test, Dupe B

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 35 minutes Concentration Units: (0]
NUMBER It CONC, GAMMA

1 105.00 48.186 -0.2825+

2 103.00 96.371 -0.2686%

3 100.00 192.743 -0.2467%

4 106.00 385.485 -0.2893%

5 86.00 770.970 -0.1240%

6 73.00 1541.941 0.0320*

7 45.00 3083.881 0.6741»

8 22.00 6167.763 2.462420

9 6.00 12335.530 11.5556#

10 2.00 24671.051 36.6667#

11 1.00 49342.102 74.3333

12 : 1.00 98684.203 74.3333

CONTROL It's : 97.00 49.00 80.00

10 Od444444A44444444444444844448444444444444 9 444 10 Sa4444444C
*SLOPE = 1,9549 - i
.

.

- - -

x X >
oof

1 stesenseceannanscnanspasRaEnane

7

.EC50

10 A4444444444444444444 AAAAAAAAAAS AAAAA44" A4AAA4ARAAAAAAAAA4a1
100 1 CONCENTRATION 10E& 10E5

ECSO 3788.811 (95% CONFIDENCE RANGE: 3134.043 TO 4580.374)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 6-1-3-3A.SPT TEST DATE:_
E%ST TIME:
Sample Description: 00 ™ ems &
1:25pm, 2-12-93, Big Pond, Detailed Test, Dupe A W4 -
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Pilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA
1 73.00 48.186 0.1644
2 73.00 96.371 0.1644
3 72.00 192.743 0.1806
4 65.00 385.485 0.3077
5 56.00 770.970 0.5179#
1] 37.00 1541.941 1.2973»
? 21.00 3083.881 3.0476»
8 5.00 6167.763 16.0000
9 3.00 12335.530 27.3333
10 3.00 24671.051 27.3333
11 0.00 49342.102 > 999 =
12 0.00 98684 .203 > 999 ¥
CONTROL It‘s :  96.00 84.00 75.00

10 Ol““ltléé“‘déléét(Aéé‘é‘d6!44866(“‘4&4(4&éééédadéééééaaaC
'SLOPB - 1.2785

> XX >

1 Desasspsansenssnensnsy .
.

. ' -EC50 .
. .
10 Aé!éédtlé‘“‘lﬁdttt‘ a. u“uuua“un dd444444444444444441
100 1000 CONCENTRATION 10E4 10E5

EC50 1279.279 (95% CONFIDENCE RANGE: 1092.498 TO 1497.993)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE RAME: 6-1-3-3B.SPT TEST DATE:
TEST TIME: .
Sample Description: 00 .} 99
2:00pm, 2-12-93, Big Pond, Detsiled Taltﬁ, Dmp:elm') I-9°c :
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC GAMMA
1 0.00 48.186 > 999
3 139.00 96.371 -0.7650%

3 0.00 192.743 > 999 =*»

4 0.00 385.485 > 999 =*

3 0.00 770.970 > 999 =«

N 3 115.00 1541.941 -0.7159%

R 83.00 3083.881 -0.6064%

‘s 15.00 6167.763 1.1778

9 5.00 12335.530 $.5333

10 2.00 24671.051 15.3333

11 1.00 49342.102 31.6667

12 0.00 98684 .203 > 999 *»

CONTROL 1c’s :  98.00 0.00 0.00
........... NO TOXICITY AT CONCENTRATIONS TESTED
. * Invglid gammas



MICROTOX DATA REPORT

FILE NAME: 6-1-4-3A.8PT TEST DATE:
TEST TIME:
Sample Description: Ricw demp. I2.0%
2:15pm, 2-10-93, Big Pond, Detailed Test, Dupe A
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dllution Factor : 2
Test Time: 5 minutes Concentration Units: ppn
NUMBER It CONC GAMMA
1 111.00 48.186 -0.0991*
2 100.00 96.371 0.0000%
3 94.00 192.743 0.0638
4 90.00 385.485 0.1111
5 80.00 770.970 0.2500
6 64.00 1541.941 0.5625#
7 32.00 3083.881 2,.1250%
8 5.00 6167.763 19.0000#
9 1.00 12335.530 99.0000%
10 0.00 24671.051 > 999
11 0.00 49342.102 > 999 »
12 0.00 98684.203 > 999 *
CONTROL 1It’s : 95.00 101.00 104.00

10 O‘AéA‘t‘é!‘l“dlldt‘&lt"t‘(l““l‘ 8 444 9 élééttdtdééédéééc
'SLDPE - 2.5539

>»PXZT>O

-
e s 4 s eV v s e e e e e
» 9 8 e 6A & 0 g s E s e s

. —_ .ECSO °

. -

10 A44444444844444444848 40044  8AAS44444444A"A4444844444844444441
100 1000 CONCENTRATION 10E4 10ES

EC50 2060.982 (95% CONFIDENCE RANGE: 1539.959 TO 2758.287)

# Used for calculations
* Invalid gammas




MICROTOX DATA REPORT

FILE NAME: 6-1-4-38.SPT TEST DATE:_
TEST TIME:
Sample Description: Roowm lemp. 2. 1°C_
3:10pm, 2-10-93, Big Pond, Detailed Test, Dupe B
Procedure: SOLID-PHASE . Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA
1 110.00 48.186 -0.0273»
2 116.00 96.371 -0.0776*
3 112.00 192.743 -0.04646*
4 109.00 385.485 -0.0183+
5 98.00 770.970 0.0918»
[ 72.00 1341.941 0.4861#
7 36.00 3083.881 1.9722¢
8 7.00 6167.763 16.2857»
9 1.00 12335.530 106.0000*
10 0.00 24671.031 > 999 =
11 0.00 49342.102 > 999 »
12 0.00 98684.203 > 999 »
CONTROL It’s : 95.00 107.00 119.00

10 Ob44A844A444484444444444444440484444 8 S54444684444806644858444C
*SLOPE - 2.3864

LI B Y
e o o 0 0o o

XXZ> 0

1 DtsssncentstasseRacefiting -

-
.
-

6
L mren
. s— . -
10 AdGSAAMASAAAAASAAAAA " 44A044 ASASAAAAAM44" 404444044 844440444)
100 1000 CONCENTRATION 10E4 10€5

ECSO 2129.088 (95% CONFIDENCE RANGE: 1821.125 TO 2489.130)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 6-2-1-3A.SPT TEST DATE: !
TEST TIME: .
Sample Description: %o.-. TC*?." 2051°C
12:71591. 2-12-93, Bryrants Creek, Detailed Test, Dupe A
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC GAMMA
1 82.00 48.186 0.1545
2 100.00 96.371 -0.0533%
3 117.00 192.743 -0.1909*
4 97.00 385.485 -0.0241%
5 90.00 770.970 0.0519#
6 73.00 1541.941 0.2968#
7 49.00 3083.881 0.9320%
8 29.00 6167.763 2.26448
9 4.00 12335.530 22.6667#
10 1.00 24671.051 93.6667#
11 0.00 49342.102 > 999 *
12 0.00 98684.203 > 999 &
CONTROL It's : 95.00 93.00 96.00
10 OA4444444444444484844444444848484840844644 9 444 10 444444444¢C
*SLOPE = 2.1183 . .
G
A
u -
M ]

1 Dosnnessecnneesnnesenonennnen N
. -

>

o EC50
¢ 5
10 A4444444444444444444 4444 44 4444444448 " 44444444444444444441
100 1000 “ENTRATION 10E4 10E5

EC50 3140.505 (95% CONFIDENCE RANGE: 2563.958 TO 3846.698)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 6-2-1-3B.SPT TEST DATE:
TEST TIME: -
Sample Description: I?o;-\ TQhS),'. N qbt
1l:15pm, 2-12-93, Bryrants Creek, Detailed Test, Dupe B
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: S5 minutes Concentration Units: ppm
NUMBER It CONC . GAMMA
1 113.00 48.186 -0.2153*
2 108.00 96.371 -0.1790%
3 104.00 192.743 -0.1674%
4 111.00 385.485 -0.2012%
5 0.00 770.970 > 999 »
6 80.00 1541.941 0.1083#
7 49.00 3083.881 0.8095#
8 30.00 6167.763 1.9556#
9 7.00 12335.530 11.6667#
10 2.00 24671.051 43.3333s
11 1.00 49342.102 87.6667»
12 1.00 98684 .203 87.6667
CONTROL It's : 96.00 53.00 117.00

10 O4d6A448444444004 5 A4444A044444444444464 9 444 10 64 1) saac

*SLOPE - 0.3538 *
- L2
I "o
c L]
A ) .
M a8
|} il
A . - ]
1 )..ll.llllllll'lll
* .ECS0 *
. ) 6 .
10 A4444444844844448484. 44440440444 844504804 64848588888484444844581
100 1000 CONCENTRATION 10E4 10ES

EC50 842.851 (95% CONFIDENCE RANGE 19.606 TO 36237.098)

# Used for calculatfons
* Invalid gammas




MICROTOX DATA REPORT

FILE NAME: 6-2-2-3A.SPT - TEST DATE: _
TEST TIME: .
Sample Description: ﬁ"W\—TN. Y q Oic——

2:15pm, 2-12-93, Bryrant's Creek, Detailed Test, Dupe A

Procedure: SOLID-PHASE . Osmotic Adjustment: none
Initial Concentration : 98684.2 pra Dilution Factor : 2

Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA
1 116.00 48.186 -0.0776%
2 110.00 96.371 -0.0273%
3 99.00 192.743 0.0808
4 75.00 385.485 0.4267
S 0.00 770.970 > 999 *
6 86.00 1541.941 0.2442n
7 56.00 3083.881 0.9107#»
8 27.00 6167.763 2.9630#
9 13.00 12335.530 7.2308#
10 3.00 24671.051 34.6667
11 1.00 49342.102 106.0000+
12 1.00 98684.203 106 . 0000+

CONTROL It's : 96.00 105.00 120.00
10 Nl‘“““t““tt“lllé“tllmlllttéttlﬁl‘étttuéééééééaééc
*SLOPE = 1.6366

>PEX>O

s

-

A * 9 s s e s e e

l.lll'!l.'l‘ll.‘ll'.ll...lﬂ"

VeV v e e s e e o

- .EC50 *
10 8d444444444444444444 84444444844 . 444444447 84484444442044440441
100 1000 CONCENTRATION 10E4 10E5

EC50 3441.762 (958 CONFIDENCE RANGE: 2795.067 TO 4238.083)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 6-2-2-3B.SPT TEST DATE:
TEST TIME: . -
Sample Description: N ¢
- ° Room femp. N PC-
2:40pm, 2-12-93, Bryrant's Creek, Detailed Test, Dupe B
Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppm
NUMBER It CONC. GAMMA
1 55.00 48.186 -0.0061*
2 33.00 96.371 0.0314*
3 57.00 192.743 -0.0409*
4 48.00 385.485 0.1389
5 49.00 770.970 0.1156#
6 39.00 1541.941 0.4017#
7 26.00 3083.881 1.1026#
8 15.00 6167.763 2.6464n
9 .00 12335.530 9.9333»
10 2.00 26671.051 26.3333#
11 1.00 49342.102 53.6667
12 0.00 98684.203 > 999 «
CONTROL 1lt‘s : 95.00 16.00 53.00
10 04444404444 4444404844888088354404888444004445844 10 S44daa444¢
*SLOPE = 1.5515 9 *
G ° Cai = .
A ol .
M . '-r ' .
M . hd
A g .
- - L]
l >.I..llll.llllll.ll.l..'.ll. 1—— <
L3 L]
. - L[]
- — ']
- ‘— : .
. . L)
. — .EC50 .
* 5 . *
10 AdAB4ASAAAA444484404 0846004, 40444404448 008804888AAAAMAAAAN)L
100 1000 COMCENTRATION 10E4 10E5

BC50 2975.663 (93¢ CONFIDENCE RANGE: 2729.961 TO 3243.478)

# Used for calculations
* Invalid gammas



MICROTOX DATA REPORT

FILE NAME: 3-WINTER.SPT TEST DATE:
3-1- @3¢ TEST TIME:

Sample Description: Roowm +€MP- &;’J‘C,
3:20pm, 2-10-93, Keithsburg (Winter), Detailed Test, Dupe A

Procedure: SOLID-PHASE Osmotic Adjustment: none
Initial Concentration : 98684.2 Ppm Dilution Factor : 2
Test Time: 5 minutes Concentration Units: ppa
NUMBER It CONC. GAMMA

1 92.00 48.186 0.0036*

2 39.00 96.371 1.3675#

3 76.00 192.743 0.2149#

4 65,00 385.485 0.4205#

5 34.00 770.970 1.7157#

6 21.00 1541.941 3.3968#

7 9.00 3083.881 9.2593»

8 4.00 6167.763 22.0833#

9 4.00 12335.530 22.0833s

10 2.00 24671.051 45.1667»

n 2.00 49342.102 45.1667%

12 1.00 98684 .203 91.3333#

CONTROL It‘s : 93.00 96.00 88.00

10 Otutté‘dltliltétéll664“4‘14“1“& 8 444 9 444 10 &d 11 84 12
°SLOPE - 0.8317 7 °

M .EC50 .

10 4444444844844 . Auua“uuuaauuuaaua““Aaaaaaaaaa“aauu
100 1000 CONCENTRATION 10E4 10E5

EC50 436.952 (95% CONFIDENCE RANGE: 201.172 TO  949.073)

# Used for calculations
* Invalid gammas



Appendix E

Sediment Elutriate Toxicity Test Results



UNIVERSITY HYGIENIC LABORATORY
TOXICITY TEST

DML Lab #9261003
Keithsburg Division

Site_ Mark Twain NWR Source__Lab Replicate /1
Sanple Type_sediment Date Collected 1/14/92  Date Received_7/22/92
Test Organism _Pimephales promelss Mge _9 days Retersace Toxicant ¥aCl

Lcs .13

Chenical and Tomicity Test Data

Test Begun ~ R/%/Q2 .4 930 ‘hrs
Test Ended on_8/7/92  ac 930 hre
Initial 48 hours 36 hours
"3_" (mg/L) 3.8 o 3.1 2.0
Total NH; (mg/L)  °:° 3-8 I
1]
Unionized NH, (mg/L) 0.43

FATHEAD MINNOV MORTALITY"

CHEMICAL AND PHYSICAL ) SAKPLE ﬁ CONTROL
ANALYSIS i
Time Teap DO | pH H a b c i ) b
('C)
. - | :
1 | i | | ‘ |

Initial 24.0 5.1

24 hours
f <& bours

48 hours

S Lo | .
o e | |

25.0 l 7.5 | 8.1 E 0/7 | _0/7 | 0/6 0/7 | 0/7 ‘ Q/6
o — o/
S

TOTAL MORTALITY AT 96 HOUR

» Nortality = Nuaber Dead / Number Tested
Comments:

: Verified: "
S:::yct JI;ZJGH AUG 11 1992 erified #‘



UNIVERSITY HYGIENIC LABORATORY
TOXICITY TEST

DML Lab #_9261003
Keithsburg Division

Site_Mark Twain NWR Source__Lab Replicate #2
Sanple Type_sediment Date Collected_7/14/92 Date Received_7/22/92

Test Organisa _Pimephales promelss Age 9 days Refarence ToxicantNaCl
T.Csu 3.73

Cheaical and Toxicity Test Data

Test Begun on _8/3/92 at 930 hrs
Test Ended on__8/7/92 at _930 hrs

Initial 48 hours 26 hours
NB,-¥ (mg/L) __3.1 3.2 1.6
Total NH, (=g/L) 4.5 3.9 N 1.9 _
[
Unionized NH, (mg/1) __ 912 0.20

FATHEAD MINNOV MORTALITY"™

CHEXICAL AND PHYSICAL |  SANPLE | CONTROL
ANALYSIS | 1
Tine Teap ' DO | pH ‘ a T b | c | a [ b ‘ c
('C) | | {
“~ | |
Taivjel 260 | 30 |70 | | | ﬁ |
- r | ‘ | 1 |
24 }'.'..vurik U O N |
48 hours| 25.0 | 8.l % 8.3 ’ ‘ | a }

96 hours| 25.0 | 7.7 | 8.3 | 0/7 l 0/7 0/6 ﬂ /7 | 7 | 0/6
‘1

TOTAL MORTALITY AT 96 HOURS| . 0720

@« Yortality = Number Dead / Number Tested

Coaments:

I
LA

Anal :
Date Repcated” AUG 11 1092




UNIVERSITY HYGIENIC LABORATORY
TOXICITY TEST

‘DML Lab #__926446]1
Site___Keithsburg Division MI-3-3-2-2 Source__ Lab Replicate #1
Saaple Type__Sediment Date Collected__9/14/92 Date Received_ 9/]17/92

[est Organisam _ Pimephales promelas Age __16 days  Reference Toxicant_NaCl ..
ICo—3.23 (48 hour) '

Chenical and Toxicity Test Data

Test Begun on 9/21/92 at _]030  hrs
Test Ended on_9/25/92 at _1030  hrs

Ipitial 48 hours 26 houra
RB:’—N (mgsL) 7.2 2.6
Total NH, (ag-L) 10.6 IS T SRV s
Unionized NH, (mg/L) 08.22 1.0 e 95\ |

FATHEAD MINNOV MORTALITY™

CHEHICATL AND PHYSICAL SAHPLE CONTROL
ANALYSIS
Tine Tenp DO pH a b c a b c
(C)
Initial 23,0 5.5 7.7
24 hours 24.0 7.9 8.4
48 hours 24.0 8.6 8.4
72 hours 24.0 7.2 8.3
96 hours| 25-0 7.3 8.3 3/7 1/7 0/6 | a7 0/7 0/6
TOTAL MORTALITY AT 36 HOURS 4/20 [} “ /20
# Mortality = Number Dead / Number Tested
Comments:
Analyst: Jis/Jon Verif 195‘"1{_;7

Date Reported:



UNIVERSITY HYGIENIC LABORATORY
TOXICITY TEST

‘DML Lab #_ 9264461

Site__ Keithsburg Division MT-3-5-2-2 Source__Lah Replicats #2

Sample Type__Sediment  Date Collected_9/14/92  Date Received_ 9/17/92 '

Test Organisa __ Pimephales promelas Age __ 16 days  Reference Toxicant_NaCl

LCSDAL (48 hour)

Chenical and Toxicity Test Data

I

Test Begun on __9/21/92at __1030 _ hrs
Test Ended on____9/25/92 at 1030 hrs

Initial 49 hours 26 _houra
BH,-N (ng-L) 9.2 7.2 _.2.8
Total NH, (mg/L) 11.2 8.7 3.4
Unionized NH, (mg-L) 0.22 [ 0.35

FATHEAD MINNOV MORTALITY™

CHEMICAL AND PHYSICAL SAMPLE CONTROL
ANALYSIS
Time Teap DO pH a b c a b c
(-C)
Initial 23.0 5.5 7.6
24 hours 24.0 7.9 8.4
48 hours | 26.0 8.3 8.4
72 hours| 24-0 7.2 8.4
96 hours| 25.0 7.1 8.3 1/7 2/7 1/6 0/7 0/7 0/6
TOTAL KORTALITY AT 96 HOURS /20 0/20

» Mortality = Number Dead / Number Tested

Comments:
Analyst: JLS/JeM v«unﬂ%
Date Reporxted: i




UNIVERSITY HYGIENIC LABORATORY
TOXICITY TEST

‘DML Lab ¥__9264462
Site__ Keithsburg Division MT=-3-5-3-2 Source__Lah Replicate #)
Saaple Type__Sediment Date Collected_9/14/92 Date Received_9/17/97
Test Organisa __Pimephales promelas Mo __16 davs Reference Toxicant__NaCl .
1Ccq- 5,23 (48 hour) :

Cheaical and Toxicity Teat Data

Test Begun on _9/21/92 at _j030  hrs
Test Ended on___9/23/92 at _ 1030 hArs

Initial 48 hours 26 houra
lllla-l‘ (mg/L) 7.8 6.4 2.7
Total NH:’ (mgsL) 9.5 1.8 = 3_.1
Unionized lma (ngsL) 0.18 D.92 0.34

FATHEAD MINNOV HORTALITY™

CHEMICAL AND PHYSICAL SANPLE CONTROL
ANALYSIS
Time Tenp DO pH a b [ a b c
()
Initial 23.0 5.6 7.6
24 hours 24.0 8.0 8.4
48 hours 24.0 8.4 8.4
r__Q hours 24.0 7.1 8.2 _
96 hours 25.0 7.2 8.3 0/7 2/7 2/6 0/7 0/7 0/h
TOTAL MORTALITY AT 96 HOURS 4/20 0/20
# Mortality = Number Dead / Number Tested
Comments:
Analyst:  JLS/JGH Verified: D—L

Date Reported:



UNIVERSITY HYGIENIC LABORATORY
TOXICITY TEST

‘DML Lab #_ 9264462
Site__ Keithsburg Division MT-3-5-3-2 Source__ Lab Replicate #2

Saaple Type_Sediment Date Collected_9/14/92 Date Received 9/17/92
Test Organism ___Pimephales promelas Age _ 16 days Reference Toxicant_NaCl

]'.Cso__i._n_ (48 hour)

Cheaical and Toxicity Test Data

Test Begun on _9/21/92 at _1030 hrs
Test Ended on__9/25/92 at _1030 hrs

Ipitial 48 hours 26 houxn
m;a.." (mg/L) 8.3 6.6 2.2
Total NH; (ag-L) 10.1 8.0 2.7
Unionized NH, (ag/L) _ 0.19 i.2 ot 2% .
FATHEAD KINNOV MORTALITY™®
CHEHMICAL AND PHYSICAL SAMPLE CONTROL
ANALYSIS
Time Terp DO pH a b c a b c
S
Initial 23.0 5.6 7.6
24 hours 26,0 8.3 8.4
48 hours | 24.0 8.4 8.5
72 hours 24.0 7.6 8.4
96 hours | 25.0 7.7 8.4 /7 0f7 0/6 0/7 0/7 0/6
TOTAL MORTALITY AT 96 HOURS 1/20 0/20

® Hortality = Number Dead / Number Tested

Comments:

Analyst:  JLS/JGM V-ri(i.od:QhL
Date Reported:



UNIVERSITY HYGIENIC LABORATORY

TOXICITY TEST
DML lab #_
Site___Congrol Source__Lab Replicate /1 1
Sanple Typa__vwater = Deate Collected ________ Date Received, _
Test Organisa __Pipechales promelas = Age _9 days  Reference ToxicantNaCl
ICe 573

Chenical and Toxicity Test Data

Test Bogun on 8/3/92 at 930 hrs
Test Ended on_8/7/92 av _ 930 nrs

N Initial 48 hours 26 hours
wxs-n (ngsL) _%0.1 0.2 0.2
Total “3 (mgsL) _S0.1 0.2 0.2
r
Unionized “3 (mgsL) <0.01 ' 0.02 0.02

FATHEAD MINNOV MORTALITY"

CHEXICAL AND PHYSICAL ! SAMPLE CONTROL
ANALYSIS |
Time Teap DO pH | 1 b c a | b c
B e | | R | ‘ ‘

_Taitial] 260 | 1.2 | 83 | ! | ‘ !
v | 1 1
24 hours| 26.0 | 8.3 | 8.3 l ‘ ‘ | ‘ ‘
! ] |
48 hours | 26.0 | 8.4 | 8.3 | 7 i | ‘
}_Dours _— I B ‘ ‘
72 hours| 27.0 8.8 | 8. n ‘ ’ | |
e S £ ¢ o\
96 hours 25.0 ‘ 8.2 ‘ 8.3 ﬂ ) ;_"7 ’ 5 v ‘ ‘ 0/6
i
i

TOTAL MORTALITY AT 96 HOUNSH

# Mortality = Number Dead 7 Number Tested

Comnents:

Analyst: JLs/

Verified:
Date Mpm-ted:J ?\(UG 1119 5

vi



UNIVERSITY HYGIENIC LABORATORY

NS TOXICITY TEST
iy
DML Lab £,
4. Lontrol Source wlicate # 2
Sample Typs _vater __  Date Collected. ) ® Received .
Test Organism _Pimephales promelas Age 9 days ference Toxicant__NaCl g
]’_C5 3.73

Cheaical and Toxicity Test Data

Test Begun on _8/3/92 at _ 930 ‘ hrs
Test Ended on__8/7/92 _ at _ 930 hrs

Initial 48 hours 26 haouxs
Nﬂa-)l (mg/L) <0.1 0.1 9.3
Total NH, (mg/L) S0 bty 0.8
’ R o
Unicnized NH, (ng/L) _ €0.01 B0l _0.06
FATHEAD MINNOV MORTALITY*®
CHEMICAL AND PHYSICAL GAHPLE CONTROL
ANALYSIS )
Tine Tenp DO pH a b c a | b c
(<) H
Initial | 24.0 11.0 8.3
24 hours| 26.0 8.4 8.3 |
|
48 hours| 27.0 8.5 8.2
72 hours 25.0 8.9 8.2 S —
1
96 _hours | 25.0 8.2 8.3 ? 0/7 | 177 0/6
TOTAL MORTALITY AT 96 HOURS[\ 1

# Mortality = Number Dead / Kumber Tested
Comrents:

Date Peronten AUG 1 1 1992

Verif i-@b. A



Appendix F

Water Quality Data Records



Appendix F. Water quality data for the sampling locations at Mark Twain National Widlife Refuge study area, 1992.

ore RGPERENCE DATE TIME WATER WATER CONDUCTVITY DO-top DO-bottom
NUMBER DEPTH TEMP
dmetors)  celcive) ___(uSican) imgh) imgh)
Siunk Sleugh \J -Jun-92 1200 1.00 27.00 440.00 6.20
2 *-Jun-92 1300 2.80 27.00 470.00 8.00
3 =~Jun-92 1800 2,80 26.00 440.00 10.00
Sig Timber Division 4 22-May-92 1030 .50 23.00 310.00 7.80
] 22-May-92 1130 2.00 28.00 320.00 11.00
[ 22-Mey-92 1300 4.00
7 22-Mey-92 1400 3.00
] 22-May-92 1800 3.00
] 11-Jun-92 930 0.80 23.50 400.00 8.30
10 11-dun-92 1100 0.90 28.00 400.00 11.00
" 11Jun-92 1300 3.50 22.00 390.00 11.20 5.80
12 1-Jun-92 1600 4.00 23.00 370.00 14.00 6.20
Keithsburg Division 3 19-May-92 1030 6.00 21,20 340.00 8.20 3.50
1 19-Mey-92 1130 5.80 21.20 340.00 8.30 3.40
11 19-Moy-92 1300 273 20.50 340.00 18.00 10.20
1] 19-May-92 1400 .78 20.20 $10.00 18.00 11.30
17 19-May-92 1630 8.28 2250 13.00 12.00
1 14-0-92 1000 3.80 28.50 280.00 4.10 0.80
19 14-24-92 1200 4.00 26.00 315.00 4.40 3.80
131417 14-Sep-92 1000 2.80 19.00 430.00 2.00 1.00
134N 7 14-80p-92 1030 2.80 19.00 465.00 2.20 0.60
137141 7¢ 14-80p-92 1100 2.80 20.00 470.00 2.00 1.20
13141174 14-80p-92 1130 290 20.00 380.00 4.20 3.80
1314Nn7% 14-80p-92 1200 2.80 20.00 380.00 5.70 4.00
Gardner Division 20 18-Mey-92 1000 1.78 19.50 310.00 8.10 -
b1 18-May-92 1100 1.78
22 18-May-92 1130 1.80 20.50 385.00 8.30
23 18-Mey-92 1200 1.78 2150 485,00 9.20
Clarence Cannon Refug 24 14-May-92 1.78
28 14-Mey-92 2.00 19.00 190.00 10.50
26 14-May-92 3.00
27 14-May-92 3.00 19.00 200.00 11.00
28 14-Meoy-92 4.00 10.00 430.00 7.50
29 14-Msy-92 3.80
30 14-May-92 8.80 17.00 290.00 12.00
N 14-Moy-92 11.00 17.00 290.00 12.00
Batchtown Division 32 12-Mey-92 1000 4.00 21.00 205.00 15.80
33 12-May-92 1018 4.00
34 12-Moy-92 1038 4.80 2150 295.00 $1.70 9.90
as 12-Mey-92 1048 450 2150 295.00 18.00 13.40
36 12-Mey-92 1130 4.80
37 12-Mey-92 1200 4.00 21.00 319.00 14.80
38 12-Mey-92 1300 450 23.00 310.00 15.00 15.00
9 12-May-92 1330 280
40 13-Mey-92 1200 2.50 20.60 260.00 9.70
L3} 13-Moy-92 123 3.00 21.00 210.00 13.50
42 13-May-92 1248 3.50 21.00 350.00 13.00
43 13-Mey-92 1410 4.00 17.50 335.00 5.40 1.00
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Quality Assurance and Quality Control Test Results



Catalog: 3070021 Lab Name: GERG 30-Jun-93 Purchase Order: 86830-2-3836

Page: 46

PROCEDURAL BLANKS

Analyte Lab Sample Number Result Total UG

% Moisture BLANK-8
BLANK-F
BLANK-G
BLANK-J
BLANK-N
BLANK-P

Al BLANK-B -47
BLANK-F 4
BLANK-G 4
BLANK-J 26
BLANK-N 8
BLANK-P 4

As BLANK-B -.02
BLANK-F .01
BLANK-G -.02
BLANK-J -.01
BLANK-N .03
BLANK-P -.01

Cd BLANK-B (]
BLANK-F o
BLANK-G ]
BLANK-J 0
BLANK-N o
BLANK-P o

BLANK-8
BLANK-F
BLANK-G
BLANK-J
BLANK-N
BLANK-P

-6

-1.09
1.6
.01
.03



Catalog: 3070021 Lab Name: GERG 30-Jun-93 Purchase Order: 86830-2-3836
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PROCEDURAL BLANKS (Cont.)

Analyte Lab Sample Number Resuit Total UG

Pb BLANK-B .07
BLANK-F .02
BLANK-G .02
BLANK-J (o)
BLANK-N .03
BLANK-P .02

Se BLANK-B .01
BLANK-F 0
BLANK-G -.02
BLANK-J .03
BLANK-N 0
BLANK-P 0

Zn BLANK-B -.9
BLANK-F -8.1
BLANK-G -7.9
BLANK-J 7.4
BLANK-N 4.7

BLANK-P 4.8



Catalog: 3070021
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Lab Name: GERG

30-Jun-93

Purchase Order: 86830-2-3836

DUPLICATES
Sample Initial Result Duplicate Result
Analyte Number Sample Matrix {ppm / %) (ppm / %)
% Moisture 0-1-1-1  Sediments 38.9 % 43.3 %
3-2-1-1  Sediments 62.8 % 63.4 %
4-1-3-2  Sediments 36.9 % 37.3 %
6-1-3-1  Sediments 51.2 % 46.1 %
6-1-4-1 Sediments 49.9 % 49.3 %
7-1-3-1  Sediments 31 % 30.7 %
AVS 0-1-1-1  Sediments 664.7 Dry 603 Dry
3-2-1-1  Sediments 377 Dry 391.8 Dry
4-1-3-2 Sediments 174.7 Dry 166.4 Dry
6-1-3-1 Sediments 806.9 Dry 743.3 Dry
6-1-4-1 Sediments 103.4 Dry 99.3 Dry
7-1-3-1  Sediments 27.6 Dry 28.1 Dry
Al 0-1-1-1  Sediments 19817 Dry 23788 Dry
3-2-1-1  Sediments 12626 Dry 11696 Dry
4-1-3-2  Sediments 7967 Dry 11678 Dry
6-1-3-1 Sediments 22142 Dry 21039 Dry
6-14-1 Sediments 8046 Dry 10306 Dry
7-1-3-1  Sediments 7261 Dry 10696 Dry
As 0-1-1-1  Sediments 6.84 Dry 7.43 Dry
3-2-1-1  Sediments 6.54 Dry 7.06 Dry
4-1-3-2 Sediments 4.24 Dry 4.46 Dry
B-1-3-1 Sediments 6.64 Dry 5.48 Dry
6-1-4-1 Sediments 3.06 Dry 3.06 Dry
7-1-3-1  Sediments 6.3 Dry 5.63 Dry
Cd 0-1-1-1  Sediments .38 Dry 42 Dry
3-2-1-1  Sediments .68 Dry .63 Dry
4-1-3-2 Sediments 41 Dry 41 Dry
6-1-3-1  Sediments .62 Dry .66 Dry
8-1-4-1  Sediments .35 Dry .38 Dry
7-1-3-1  Sediments .33 Dry .36 Dry

Relative %
Average Difference
41.1 10.71
63.1 1.13
37.1 1.08
48.66 10.48
49.6 .21
30.86 0.97
683.86 6.66
384.4 3.86
166.086 11.69
774.6 8.08
101.36 4.056
27.8 2.16
218562.6 17.71
12161 7.65
8772.6 36.96
21690.6 6.11
9176 24.63
8978 38.26
6.6356 23.96
6.796 7.61
4.36 5.06
65.66 2.88
3.066 0.33
6.4656 6.04
0.4 10
0.606 8.26
0.41 (o]
0.64 7.41
0.366 8.22
0.34 6.88



Catalog: 3070021 Lab Name: GERG 30-Jun-93 Purchase Order: 86830-2-3836
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DUPLICATES (Cont.
Sample Initial Result Duplicate Resuit Relative %
Analyte Number ' Sample Matrix {(ppm / %) (ppm / %) Average Difference
Cr 0-1-1-1  Sediments 18.91 Dry 23.3 Dry 21.106 20.8
3-2-1-1  Sediments 24.27 Dry 17.99 Dry 21.13 29.72
4-1-3-2 Sediments 10.64 Dry 14.21 Dry 12.426 28.73
6-1-3-1  Sediments 28.16 Dry 27.02 Dry 27.69 4.13
6-1-4-1 Sediments 7.91 Dry 10.08 Dry 8.996 24.12
7-1-3-1  Sadiments 9.66 Dry 12.76 Dry 11.2 27.68
Cu 0-1-1-1 . Sediments 26.06 Dry 31.27 Dry 28.666 18.18
3-2-1-1  Sediments 20.64 Dry 22.94 Dry 21.74 11.04
4-1-3-2  Sediments 12.77 Dry 12.89 Dry 12.83 0.94
6-1-3-1  Sediments 24.94 Dry 26.37 Dry 2b.166 1.71
6-1-4-1 Sediments 21.98 Dry 23.16 Dry 22.67 b.23
7-1-3-1  Sediments 13.83 Dry 14.69 Dry 14.21 6.36
Fe 0-1-1-1  Sediments 24818 Dry 30146 Dry 27482 19.39
3-2-1-1  Sediments 19730 Dry 20744 Dry 20237 6.01
4-1-3-2  Sediments 10697 Dry 11970 Dry 11333.6 11.23
6-1-3-1  Seadiments 23906 Dry 23623 Dry 23714 1.61
6-1-4-1  Sediments 9970 Dry 12169 Dry 11069.6 19.87
7-1-3-1  Sediments 9922 Dry 12304 Dry 11113 21.43
Hg 0-1-1-1  Sediments <.1 Dry < .1 Dry 0.06 0
3-2-1-1  Sediments < .1 Dry < .1 Dry 0.06 ]
4-1-3-2 Sediments < .1 Dry < .1 Dry 0.06 0
6-1-3-1 Sediments < .1 Dry < .1 Dry 0.05 o
6-1-4-1 Sediments < .1 Dry < .1 Dry 0.06 [s)
7-1-3-1  Sediments <.t Dry < .1 Dry 0.056 o)
Mn 0-1-1-1  Sediments 689 Dry 864 Dry 776.5 22.64
3-2-1-1  Sediments 979 Dry 1149 Dry 1064 156.88
4-1-3-2 Sediments 492 Dry 499 Dry 495.6 1.41
B-1-3-1  Sediments 924 Dry 9456 Dry 934.6 2.26
6-1-4-1  Sediments 339 Dry 372 Dry 356.6 98.28
7-1-3-1  Sediments 438 Dry 479 Ory 468.5 8.94



Catalog: 3070021 Lab Name: GERG 30-Jun-93 Purchase Order: 86830-2-3836
Page: b1

DUPLICATES (Cont

Sample Initisl Result Duplicate Resutlt Relative %
Analyte Number Sample Matrix {ppm / %) (ppm / %) Average Difference
Ni 0-1-1-1  Sediments 20.9 Dry 26.3 Dry 23.1 19.06
3-2-1-1 Sediments 20.6 Dry 18.1 Dry 19.36 12.92
4-1-3-2 Sediments 11.3 Dry 12 Dry 11.65 8.01
6-1-3-1 Sediments 29 Dry 29 Ory 29 o
8-1-4-1 Sediments 18 Dry 16.1 Dry 14.06 14.96
7-1-3-1  Sediments 17.6 Dry 19.6 Dry 18.6 10.81
Pb 0-1-1-1  Sediments 61.82 Dry 45.33 Dry 48.628 13.66
3-2-1-1 Sediments 17.968 Dry 16.72 Dry 17.34 7.16
4-1-3-2 Sediments 13.16 Dry 11.82 Dry 12.486 10.66
5-1-3-1 Sediments 20.74 Dry 21.96 Dry 21.346 6.67
6-1-4-1  Sediments 17.03 Dry 17.77 Ory 17.4 4.26
7-1-3-1  Sediments 17.96 Dry 19.54 Dry 18.76 8.43
Se 0-1-1-1  Sediments < 1 Dry <1 Dry 0.6 0
3-2-1-1  Sediments < 1 Dry <1 Dry 0.6 0
4-1-3-2 Sediments < 1 Dry <1 Dry 0.6 (o]
B-1-8-1 Sediments <1 Dry <1 Dry 0.6 o
8-1-4-1 Sediments < 1 Dry <1 Dry 0.6 o
7-1-8-1  Sediments <1 Dvy < 1 Dry 0.5 4]
Zn 0-1-1-1  Sediments 88.8 Dry 109.8 Dry 99.2 21.37
3-2-1-1  Sediments 76.2 Dry 80.1 Dry 78.16 4,989
4-1-3-2 Sediments 66.4 Dry 68.9 Dry 67.66 4.34
5-1-3-1 Sediments 103.9 Dry 106.6 Dry 104.76 1.62
6-1-4-1 Sediments 66.3 Dry 66.6 Dry 80.45 17.04

7-1-3-1  Sediments 60.7 Dry 68.3 Dry 64.6 13.94



Catalog: 3070021

Lab Name: GERG

30-Jun-93

REFERENCE MATERIALS

Page: 62
Lab Sample
Analyte Number S.R.M. ID S.R.M
Recovery
Al BCSS-D NRCC BCSS-1
BCSS-E  NRCC BCSS-1
BCSS-I NRCC BCSS-1
BCSS-L NRCC BCSS-1
BCSS-M  NRCC BCSS-1
As BCSS-D NRCC BCSS-1 Sediment
BCSS-E NRCC BCSS-1 Sediment
BCSS-l NRCC BCSS-1 Sediment
BCSS-L NRCC BCSS-1 Sediment
BCSS-M NRCC BCSS-1 Sediment
Cd BCSS-D NRCC BCSS-1 Sediment
BCSS-E NRCC BCSS-1 Sediment
BCSS-I NRCC BCSS-1 Sediment
BCSS-L NRCC BCSS-1 Sediment
BCSS-M NRCC BCSS-1 Sediment
Cr BCSS-D NRCC BCSS-1 Sediment
BCSS-E NRCC BCSS-1 Sediment
BCSS-l NRCC BCSS-1 Sediment
BCSS-L NRCC BCSS-1 Sediment
BCSS-M NRCC BCSS-1 Sediment
Cu BCSS-D NRCC BCSS-1 Sediment
BCSS-E NRCC BCSS-1 Sediment
BCSS-I NRCC BCSS-1 Sediment
BCSS-L NRCC BCSS-1 Sediment
BCSS-M NRCC BCSS-1 Sediment
Fe BCSS-D NRCC BCSS-1

* Only certified analytes list a confidence interval -

Purchase Order: 86830-2-3836

* Certified 96%
Reference Confidence Result Percent
. Name Value (ppm / %)  Interval {ppm / %)
16219 Dry
21388 Dry
21829 Dry
25020 Dry
24391 Dry
11.1 Dry 1.4 9.61 Dry 86.68
11.1 Dry 1.4 9.68 Dry 86.31
11.1 Dry 1.4 8.4 Dry 75.68
11.1 Dry 1.4 8.19 Dry 73.78
11.1 Dry 1.4 9.66 Dry 86.94
26 Dry 4 .26 Dry 100
26 Dry 4 .26 Dry 100
26 Dry 4 .23 Dry 92
26 Dry 4 .24 Dry 96
26 Dry 4 .23 Dry 92
123 Dry 14 40.86 Dry 33.29
123 Dry 14 61.13 Dry 41.67
123 Dry 14 49.91 Dry 40.68
123 Dry 14 53.12 Dry 43.19
123 Dry 14 60.42 Dry 40.99
18.6 Dry 2.7 14.33 Dry 77.46
18.5 Dry 2.7 18.62 Dry 100.11
18.5 Dry 2.7 18.76 Dry 101.41
18.6 Dry 2.7 18.67 Dry 100.38
18.6 Dry 2,7 18.44 Dry 99.68
23092 Dry

all others are considered reference vslues,



Catalog: 3070021
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Lab Name: GERG

REFERENCE MATERIALS (Cont.

30-4un-93

Purchase Order: 86830-2-3836

* Certified 96%

Lab Sample Reference Confidence Result Percent
Analyte Number S.R.M. ID S.R.M. Name Value (ppm / %)  Interval {(ppm / %)
Recovery
Fe BCSS-E NRCC BCSS-1 21094 Dry

BCSS-I NRCC BCSS-1 296562 Dry

BCSS-L. NRCC BCSS-1 30127 Dry

BCSS-M NRCC BCSS-1 28568 Dry
Hg BEST-A NRCC BEST-1 Sediment .092 Dry .009 < .1Dry

BEST-D NRCC BEST-1 Sediment .082 Dry .009 < .1 Dry

BEST-E NRCC BEST-1 Sediment .092 Dry .009 < .1 Dry

BEST-I NRCC BEST-1 Sediment .092 Dry .009 < .1 Dry

BEST-L. NRCC BEST-1 Sediment .092 Dry .009 < .1 Dry

BEST-M NRCC BEST-1 Sediment .092 Dry .009 < .1Dry
Mn BCSS-D NRCC BCSS-1 Sediment 229 Dry 16 180 Dry

BCSS-E NRCC BCSS-1 Sediment 229 Dry 16 228 Dry

BCSS- NRCC BCSS-1 Sediment 229 Dry 16 231 Dry

BCSS-L NRCC BCSS-1 Sediment 229 Dry 16 229 Dry

BCSS-M  NRCC BCSS-1 Sediment 229 Dry 16 219 Dry
Ni BCSS-D NRCC BCSS-1 Sediment 656.3 Dry 3.6 46.8 Dry

BCSS-E  NRCC BCSS-1 Sediment 56.3 Dry 3.6 66.03 Dry

BCSS-! NRCC BCSS-1 Sediment 66.3 Dry 3.6 60.21 Dry

BCSS-L NRCC BCSS-1 Sediment 66.3 Dry 3.6 58.86 Dry

BCSS-M NRCC BCSS-1 Sediment 66.3 Dry 3.6 87.7 Dry
Pb BCSS-D NRCC BCSS-1 Sediment 22.7 Dry 3.4 21.94 Dry

BCSS-E  NRCC BCSS-1 Sediment 22.7 Dry 3.4 21.99 Dry

BCSS-I NRCC BCSS-1 Sediment 22.7 Dry 34 20.66 Dry

BCSS-L NRCC BCSS-1 Sediment 22.7 Dry 3.4 21.36 Dry

BCSS-M  NRCC BCSS-1 Sediment 22.7 Dry 3.4 21.06 Dry
Se B8CSS-D NRCC BCSS-1 Sediment .43 Dry .06 < 1 Dry

BCSS-E NRCC BCSS-1 Sediment .43 Dry .06 < 1 Dry

*® Only certified analytes list a confidence interval -

all others are considered reference values.

108.7
108.7
108.7

108.7
108.7
108.7

78.6
99.66
100.87
100
95.63

84.27
101.32
108.88
108.44
104.34

96.66
96.87
90.63
94.06
92.73

232.66
232.66
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REFERENCE MATERIALS (Cont.)

* Certified 96%

Lab Sample Reference Confidence Result Percent

Analyte Number S.RM.ID S.R.M. Name Value (ppm / %)  Interval (ppm / %)

Recovery

Se BCSS-I NRCC BCSS-1 Sediment .43 Dry .06 < 1 Dry 232.66
BCSS-L NRCC BCSS-1 Sediment .43 Dry .08 < 1 Dry 232.66
BCSS-M NRCC BCSS-1 Sediment .43 Dry .06 < 1 Dry 232.66

Zn BCSS-D NRCC BCSS-1 Sediment 119 Dry 12 102 Dry 86.71
BCSS-E NRCC BCSS-1 Sediment 118 Dry 12 116.6 Dry 97.98
BCSS-1 NRCC BCSS-1 Sediment 119 Dry 12 120.5 Dry 101.26
BCSS-L NRCC BCSS-1 Sediment 119 Dry 12 121.8 Dry 102.36
BCSS-M NRCC BCSS-1 Sediment 119 Dry 12 116.3 Dry 96.89

* Only certified analytes list a confidence interval - all others are considered reference values.
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SPIKE RECOVERIES
Sample Spike Level Amount Recovered ¢ Spike / Percent
Analyte Numbei Sample Matrix (ppm / %) (ppm / %) Background  Recovery
AVS : 0-1-1-2  Sediments 893.3 Dry 693.8 Dry 0.99 77.67
3-2-1-2  Sediments 260.6 Dry 233.4 Dry 1.06 93.14
4-2-1-1  Sediments . 376.1 Dry 345.8 Dry 7.48 91.94
B-1-3-2  Sediments 6864.1 Dry 611 Dry 0.8 82
68-1-4-2  Sediments 436.7 Dry 407 DOry 2.34 93.2
7-1-83-2  Sediments 226.1 Dry 208.4 Dry 2.06 91.28
As 0-1-1-2  Sediments 7 Dry 7.13 Dry 1.07 101.86
3-2-1-2  Sediments 7 Dvy 6.46 Dry 1.06 77.86
4-2-1-1 Sediments 8 Dry 6.18 Dry 0.73 103
B6-1-3-2  Sediments 7 Dry 8.21 Dry 1.29 88.71
8-1-4-2 Sediments 7 Dry 7.91 Dry 2.3 113
7-1-3-2  Sediments 7 Dry 6.34 Dry 0.97 90.67
Cd 0-1-1-2  Sediments 10 Dry 9.93 Dry 23.26 29.3
3-2-1-2 Sediments 8 Dry 11 Dry 14.76 122.22
4-2-1-1 Sediments 9 Dry 10.43 Dry 16.26 116.89
6-1-3-2  Sediments 10 Dry 9.94 Dry 19.23 9.4
8-1-4-2 Sediments 10 Dry 10.24 Dry 27.03 102.4
7-1-3-2  Sediments 10 Dry 10.66 Dry 21.28 106.6
Cr 0-1-1-2  Sediments 63 Dry 61.13 Dry 3.16 116.34
3-2-1-2 Sediments 52 Dry 60.21 Dry 3.3 86.66
4-2-1-1  Sediments 61 Dry 41.61 Dry 3.68 81.69
56-1-3-2  Sediments 63 Dry 63.23 Dry 2.01 100.43
6-1-4-2 Sediments 66 Dry 72.63 Dry 6.71 131.87
7-1-3-2  Sediments 66 Dry 86.33 Dry 2.73 118.78
Cu 0-1-1-2  Sediments 66 Dry 63.48 Dry 1.84 96.6
3-2-1-2  Sediments 64 Dry 62.08 Dry 2.5 96.44
4-2-1-1  Sediments 38 Dry 41.66 Dry 2.36 109.61
B-1-3-2  Sediments 66 Dry 49.5 Dry 1.86 20

© For a spike to be a valid measure of method accuracy, this ratio must be higher than 1.0,
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SPIKE RECOVERIES (Cont.)

Sample Spike Level Amount Recovered ¢ Spike / Percent
Analyte Number Sample Matrix {(ppm / %) (ppm / %) Background  Recovery
Cu 8-1-4-2  Sediments 67 Dry 69.07 Dry 2.6 103.63
7-1-3-2  Sediments 67 Dry 69.78 Dvy 2.6 104.88
Hog 0-1-1-2  Sediments 1.27 Dry 1.28 Ory 12.7 101.67
3-2-1-2  Sediments 1.27 Dry 1.36 Dry 12.7 107.09
4-2-1-1  Sediments 1.27 Dry 1.36 Dry 12.7 107.09
5-1-8-2  Sediments 1.27 Dry 1.32 Dry 12.7 103.94
8-1-4-2 Sediments 1.27 Dry 1.33 Dry 12.7 104.72
7-1-3-2  Sediments 1.27 Dry 1.28 Dry 12.7 100.78
Mn 0-1-1-2 Sediments 813 Dry 866 Dry 0.94 108.4
3-2-1-2  Sediments 669 Dry 870 Dry 0.68 132.02
4-2-1-1  Sediments 370 Dry 440 Dry 0.69 118.82
6-1-3-2  Sediments 671 Dry 743 Dry 0.69 110.73
6-1-4-2 Sediments 697 Dry 766 Dry 2 108.32
7-1-8-2  Sediments 694 Dry 803 Dry 1.11 116.71
Ni 0-1-1-2  Sediments 167 Dry 209 Dry 7.91 126.16
8-2-1-2  Sediments 162 Dry 172.6 Dry 10.08 106.54
4-2-1-1  Sediments 160 Dry 138.4 Dry 9.68 86.6
6-1-3-2  Sediments 166 Dry 169.3 Dry 6.34 102.61
8-1-4-2  Sediments 172 Dry 184.4 Dry 18.11 107.21
7-1-8-2 Sediments 171 Ory 184.9 Dry 6.6 108.13
Pb 0-1-1-2  Sediments 248 Dry 394.72 Dry .87 169.16
3-2-1-2  Sediments 241 Dry 246.24 Dry 12.49 101.76
4-2-1-1  Sediments 237 Dry 265.9 Dry 12.67 107.97
56-1-3-2  Sediments 246 Dry 233.98 Dry 10.63 96.6
68-1-4-2  Sediments 266 Dry 272.68 Dry 14.038 106.898
7-1-3-2  Sediments 264 Dry 263.74 Dry 10.61 99.9
Se 0-1-1-2  Sediments 48 Dry 61.78 Dry 48 112.67
3-2-1-2 Sediments 45 Dry 42.61 Dry 45 84.47

* For a spike to be 8 valid messure of method accuracy, this ratio must be higher than 1.0
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SPIKE RECOVERIES (Cont.)

Sample Spike Level Amount Recovered * Spike / Percent
Analyte Number Sample Matrix {ppm / %) (ppm / %) Background  Recovery
Se 4-2-1-1 Sediments 44 Dry 46.66 Dry 44 106.82
6-1-3-2  Sediments 48 Dry 43.21 Dry 46 93.93
6-1-4-2  Sediments 47 Dry 46.61 Dry 47 99.17
7-1-3-2  Sediments 47 Dry 66.87 Dry 47 118.87
Zn 0-1-1-2  Sediments 283 Dry 377.6 Dry 2.97 133.39
3-2-1-2  Sediments 273 Dry 261.9 Dry 3.7 92.27
4-2-1-1 Sediments 268 Dry 218.1 Dry 4.08 81.38
5-1-3-2 Sediments 278 Dry 260.2 Dry 2.2 93.6
6-1-4-2  Sediments 289 Dry 308.8 Dry 5.19 106.86
7-1-3-2  Sediments 288 Dry 311.6 Dry 3.63 108.16

* For a spike to be a valid measure of method accuracy, this ratio must be higher than 1.0.
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COMMENTS (RESULT MODIFERS AND QA/QC COMMENTS)

Sample
Analyte Number Result Modifier

NO DATA EXIST FOR THIS SECTION.

QA/QC Comments

APPROVAL,EC
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Method
Code Method Description

002 LABORATORY: Geochemical & Environmental Research Group, Texas A&M
Tissue, Sediment and Water Mercury

Il. Mercury was determined by EPA method 245.5 with minor revisions.
Sediment samples can be analyzed either freeze dried or on a wet
basis. Sediment samples are homogenized by mixing before subsampling.
The tissue samples were homogenized in the original sample containers
with a Tekar Tissumizer and subsampled. Water samples are acidified
{0.6% v/v with high purity nitric acid, HNO3) in the original sample
bottle. For sediments a 0.6 to 1.0 gram sample (dry weight) was used.
For tissues a 1.6 to 2.0 gram sample {wet weight) was used. For water
the sample size is 20 ml.

For tissue and sediment, the sample is weighed into 8 60 mi

polypropylene centrifuge tube. 2.6 ml of concentrated sulfuric acid
(H2S04) and 1.6 ml of concentrated nitric acid (HNO3) were added and

the samples heated in a water bath at 890 C for 16 min. After cooling

10 ml of distilled water and 16 mi of mixture of 3.3% (w/w) potassium
permanganate {(KMnO4), and 1.7% (w/w) potassium persulfate (K25208)
were added to each tube and the samples heated in a water bath at 80 C
for 30 min. After cooling 6 mi of 10% (w/w) hydroxylamine

hydrochloride (NH20H HC1) was added to reduce excess permanganate and
the volume brought to 35 mi with distilled water.

For water samples, the sample is weighed into a 60 m! polypropylene
centrifuge tube, 1 ml of concentrated H2S04 is added and the solution
mixed vigorously with a vortex stirrer. Then 4.5 ml of the
KMnOr/K2S208 is added and the resulting mixture heated in a 90 C water
bath for 2 hours. After cooling, 1.6 ml of a 10% {(w/w) hydroxylamine
hydrochloride (NH20H HC1) solution is added, sample volume adjusted to
a constant volume with distilled water and the resulting solution

mixed vigorously.
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Method
Code Method Description

002
Mercury is determined by a modification of the method of Hatch and Ott
(1968). A portion of the digest solution is placed in a sealed
container. To this is added 0.4 ml of 10% (w/w) stannous chloride
(SnCi2). Mercury is reduced to the elemental state and aerated from
solution into an atomic absorption spectrophotometer where its
concentration is measured.

References

1. "USEPA Contract Laboratory Program Statement of Work for Inorganic
Analysis.” Document Number ILMO1.0 USEPA Environmental Monitoring
and Support Laboratory, Cincinnati, Ohio.

2. "Interim Method for the Sampling and Analysis of Priority
Pollutants in Sediments and Fish Tissue,” USEPA Environmental
Monitoring and Support Laboratory, Cincinnati, Ohio, Aug. 1977,
Revised Oct. 1980.

3. Hatch, W.R. and Ott, W.L., "Determination of Sub-Microgram
Quantities of Mercury in Solution by a Flameles Atomic Absorption
Technique”, Analytical Chemistry 40,14 p 2086-2087 (1968).

003 LABORATORY: Geochemical & Environmental Research Group, Texas A&M
% Dry Woeight
Ill. Approximately 1 gram of wet sample is weighed into a clean, labeled,
preweighed 10 m! beaker. The beaker is placed in a forced air oven
at approximately 76 degrees Celsius for 24 hours. The beaker with
the dry sample is then weighed and the % dry weight is calculated by

the formula:

(wt. dry sample and beaker) - {wt. beaker) (100}
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Code Method Description

(wt. wet sample and beaker) - (wt. beaker)
007 LABORATORY: Geochemical & Environmental Research Group, Texas A&M
Trace Metal-Sediment

VII. Sediments are digested with aqua regia (3:1 HCI:HNO3) in glass
beakers on a hotplate and diluted to volume with distilled water.
Metals in the digestate are determined by 3 techniques, depending
upon concentration and element. Mercury is determined by cold vapor
atomic absorption spectrometry (AAS), in which Sn2+ is used to reduce
HgO. Arsenic, selenium, cadmium, and lead are determined by graphite
furnace AAS, in which electrical heating is used to produce an atomic
cloud. Remaining elements {and Cd or Pb when in high concentration)
are determined by atomic emission using an argon plasma.

013 LABORATORY: Geochemical & Environmental Research Group, Texas A&M
Acid Volume Sulfide (AVS)

XIll. Acid volatile sulfide (AVS) is defined as sulfides that are
converted to H2S upon exposure to 1N HCI at room temperature for 1
hour. Approximately 10 grams of wet sediment are acidified with 1N
HCI, and reactive sulfides that are converted to gaseous H2S are
trapped as Ag2S and measured gravimetrically.



